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S U M M A R Y
Psychological stress is that which is imposed on a subject by 
environm ental and w ork facto rs . The psychological s tra in  which is 
im portant is that perceived by the subject as being s tressfu l to h im . 
C erta in  ac tiv ities  and management skills  in hospital catering m anage­
m ent w ill be m ore stressfu l than others, and because the s tra in  is that 
which is perceived , these activ ities  affect the som atic functions of the 
body to d ifferent extents. F u rth erm o re  the degree of perceived s tra in  
should be dependent on certa in  lo n g -te rm  and s h o rt-te rm  personal 
factors .
This research  is concerned w ith using h e a rt-ra te  to m easure  
the extent of the perceived s tra in  and re la ting  increases in  s tra in  to the 
activ ities  and sk ills  being perform ed to identify  the ac tiv ities  which  
appear to be m ore stressfu l, and also the extent to which certa in  
activ ities are  g enera lly  m ore s tressfu l to most subjects.
The effects of long -term  attitudes on psychological s tra in  a re  
assessed by corre la tin g  the effects of certa in  m otivational factors w ith  
h e a rt-ra te  increases.
The m ost im portant results fro m  the research  are:
1. The h e a rt-ra te s  fo r a ll subjects did increase s ign ificantly  above 
th e ir  respective chronologically adjusted resting base h e a rt-ra te s  w hile  
they were engaged on certa in  ac tiv ities .
2. C ontem porary research is c ritic is e d  fo r using h e a rt-ra te  increases  
m easured fro m  fixed  resting rates. This thesis establishes an im portant 
princip le  that resting rates in fact v a ry  over the day, and this has led
the present author to develop a method fo r  using a moving tim e -b a sed
resting ra te .
3. The h e a rt-ra te  increases w ere apparent fo r v ir tu a lly  a ll  jobs. 
However the existence of genera l increases fo r given ac tiv ities  fo r a ll  
subjects was not dem onstrated by the resu lts .
4. When h e a rt-ra te  v a r ia b ility  (standard deviations) was investigated  
as an a lte rnative  p red ic to r of m ental s tra in , encouraging results w ere  
obtained, sufficient to stim ulate future research  into this p a ram ete r.
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1. SCOPE, A N D  BACKGROUND TO  T H E  RESEA RC H
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1. 1 Introduction
The study of psychological stress caused by m an ag eria l tasks and 
resp ons ib ilities , and the .associated perceived s tra in  experienced by p ra c ­
tis ing  m anagers is of im portance in the allocation of resp o n s ib ilities , 
and in the tra in in g  of personnel, to overcome such s tra in . C le a r ly  the 
magnitude of stress in a job m atte rs  litt le  i f  the s tra in  ac tu a lly  p e rc e i­
ved by the subject is low, because it w il l  have a negligible effect on h im .
C onversely i f  the percieved s tra in  is high then ce rta in  som atic  
changes m ay be occasioned in the subject. These effects m ay be in jurious  
to health, or at least have influence over his perform ance, exam ples of 
which are  apparent in m anagers. The most common psychological and 
som atic effects are  discussed by C arru th ers  (1974).
The recognition of s tressfu l situations is , th e re fo re , useful in  
the designing of jobs. U nfortunately the extent of curren t research  into  
m anageria l stress in  quantitative te rm s  is lim ited . C o m p ara tive ly  
lit t le  has been w ritte n  about the assessment of s tra in  in this fie ld .
Some w ork has been done on m ental load and this is review ed in C hapter 3 
of this thesis.
The present author has taught management subjects, including  
ergonom ics fo r m any years , and has been involved in  consultancy assign­
m ents. Through these, and especia lly  as a resu lt of running courses 
fo r hospital staff, the author has developed an in teres t in  m an ag e ria l 
stress imposed on hospital staff in p a rtic u la r. O ver the years , m anagers  
have complained to the author of stress in th e ir  jobs, and som etim es
how it affected th e ir  w ork. In  m any cases the existence of stress was 
not obviously apparent. Because of the lack of research  in  this area  
the author was stim ulated to investigate the extent of the s tresses, and 
the effects of s tra in  on m anagers in the hospital fie ld .
The m ain  questions to be answered w ere considered to be:
(a) is perceived s tra in  s c ie n tifica lly  m easurable ? I f  so,
(b) which tasks, i f  any, contribute stress to a m anager's  job?
Because of the au thor’ s experience w ith  hospital m anagers it was 
decided that research  in  this p a rtic u la r fie ld  would be m ost appropriate .
The f ir s t  question was investigated through a l i te r a r y  search  
in itia lly^, When the appropriate  technique had been selected, as 
described in this thesis , the research  its e lf  validated the use of 
h e a rt-ra te  as a p red ic to r. The second question was answered as a 
d irec t resu lt ofthe research , and this is fu lly  discussed in the fin a l
i
chapter of this thesis.
Of the research  which has been c a rr ie d  out,., some in ve s ti­
gations have been controlled experim ents in  the labo ra to ry , which  
have yielded encouraging resu lts , but fo r which applications in  the 
fie ld  a re  not always obvious, or even applicable. C le a r ly , the la b o r­
a to ry  experim ents a re  m ore eas ily  contro llab le . The conditions 
can be contrived, and m ost param eters  not being investigated can 
be m aintained at a constant leve l, thus e lim inating  the r is k  of confounding 
the results by subtle or unwanted changes in those p a ram ete rs . C lin ic a l 
data fro m  the fie ld  m ay give a m ore representative  and re lia b le  reco rd * be
more re a lis tic , and provided that the apparatus used by the re se a rch er  
to obtain the data a re  not obtrusive nor liab le  to in te rfe re  w ith  the 
subject's physical or m enta l ac tiv ities  the results should re fle c t the 
tru e  w orking situation. Incidental variab les  and environm ental p aram eters  
cannot be controlled in  a w ork situation but this is no g rea t disadvantage 
because i f  they w ere to be controlled the n o rm al conditions would not 
obtain, and the resu lts  would not re fle c t a tru e  p ictu re  of the situation.
On the other hand, the re levan t variab les  should be taken into account 
and where necessary due allowance should be m ade, to m in im ise  the 
in terfe ren ce  caused by them . S evera l corrections w ere applied to the 
resu lts  of this present research , and fu ll descriptions are  given in  
C h ap te rS .
Some of the documented fie ld  research  into psychological stress
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m ay be c ritic is e d  fo r  fa ilin g  to take into account some of the re levan t 
in te rfe rin g  effects, and fo r  having a naive approach to the investigation. 
Exam ples a re  given in the f ir s t  few  chapters of this thesis .
No attem pts have been made by m ost previous re search ers  to  
estab lish a danger leve l fo r psychological s tra in  caused caused by s tress fu l 
situations, and this is quite understandable because the perceived  s tra in  
is a personal experience of the ind iv idual subject concerned. Much  
psychosom atic illness results fro m  chem ical reactions taking place in  
the body, stim ulated by the subject's b ra in . In d iv id u a l people have 
d ifferent emotions and react d iffe re n tly  to the same situation. E ven  the 
same som atic reaction m ay not stim ulate a s im ila r  leve l of chem ical
response in  d iffe ren t people. T h ere fo re  it  probably is not possible to  
state ca teg o rica lly  that, fo r  exam ple, h e a rt-ra te s  of 160 beats p er  
m inute are  excessive, w hile 180 b. p. m . is a dangerous leve l, and apply  
th is g en era lly  to a l l  people. F o r  individuals it is possible to extrapolate  
to estim ate danger levels fro m  other h e a r t-ra te  data, but fo r  obvious 
reasons fa ta l h e a r t-ra te  levels cannot be d ire c tly  m easured. F u r th e r ­
m ore unless data a re  collected fro m  subjects over decades, it  is not 
feasib le  to assess the long te rm  effects of ce rta in  h e a r t-ra te  levels  
and even then it  is dangerous to a ttribu te  effects to probable causes.
1.2: Outline of the research
In the type of investigation which is concerned w ith  the analysis  
of c lin ic a l data there  are  two separate approaches which m ay be made.
The f ir s t  is to test the v a lid ity  of a new method of m easurem ent fo r  general 
use as an acceptable means of assessing the param eters  under investigation  
or as a re liab le  p red ic to r of the p a ram ete r. The second approach is to 
em ploy a previously-va lidated  and accepted m easuring technique and to 
use it  as a tool to investigate other p aram eters  w ith in  a special fie ld  of 
in teres t.
In  this thesis the second approach has been adopted, and the choice
of technique has been h e a r t-ra te  m easurem ents; a m ethod which has a lread y
been validated as a re liab le  ind icator of s tress. Adequate proo f of
»
re lia b ility , based on previous research es, is subm itted in  Chapter =3 
Section 3. 7 of th is the s is .
An investigation into stress and s tra in  imposed on and experienced  
by physical, inanim ate objects, a lm ost in va ria b ly  yields repeatable resu lts  
which m ay be v e rifie d  by subsequent experim ents. R esearch  which is 
concerned w ith  the investigation of psychological phenomena and reactions  
of living subjects is m ore com plex. Results a re  often confounded by ex p lic it  
factors such as environm ental and other ex tern a l p ressu res , and by m ore  
subtle effects which m ay include both chronic and acute psychological states 
of the subject concerned. The re s e a rch er m ay be com pletely unaw are of 
some of the la tte r  effects, fa ilin g  to account fo r  th e ir  presence adequately  
and as a consequence be perplexed by some of his unexpected resu lts .
It  is d ifficu lt fo r an observer to acquire a l l  of his in fo rm atio n  p a rtly
because the subject m ay not be prepared  to divulge it , but m a in ly  because 
he m ay not be aware of his psychological state h im self. In  the present 
research  an e ffo rt was made to make some assessment of the broader 
issues, and at least to determ ine w hether or not the subject was under 
any' stress resu lting fro m  pressures other than those imposed by his w ork  
ac tiv itie s .
The present research  was confined to the study of hospital catering  
m anagers, working in th e ir  own environm ents. C le a rly , m ore  controlled  
experim ents could have been p erfo rm ed  in  ca re fu lly  contrived situations  
in  the laboratory . H ow ever it  was c lin ic a l data which w ere  needed in  
this case, w ith  a m in im um  of extraneous effects fro m  a r t i f ic ia l ly  im posed  
situations which m ay be occasioned, say, by a laboratory .
Tw elve subjects w ere studied and th e ir  h e a rt-ra te s  recorded.
Sim ultaneously, a continuous log of th e ir  ac tiv ities  was m aintained by
/
the re se a rch er so that subsequently the h e a rt-ra te  readings could be 
synchronised w ith the a c tiv itie s , and thus h e a rt-ra te  increases and v a r ­
iations could be identified  w ith  certa in  a c tiv ities .
M any systems w ere tr ie d  in  the in it ia l stages of the re se arch , but 
none was used on the selected subjects until the m ost appropriate  and 
re lia b le  system  had been found. E a r ly  methods included the use of stereo  
tape rec o rd ers , on which the h e a rt-ra te  could be recorded fro m  chest 
electrodes, o n to  one tra c k , while the research er could reco rd  the synch­
ronised com m entary on the second trac k . In  conjunction w ith  th is a V . H . F .  
tra n s m itte r  and re c e iv e r w ere em ployed to convey the signals fro m  subject 
to reco rd er. Th is method proved to be too bulky and not su ffic ien tly
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m obile fo r the study of v e ry  anim ate m anagers. F u rth e rm o re  the tim e  
needed fo r  analysing the prodigeous num ber of h eart-b eats  (of the order  
of 40, 000 p er subject-day) was p roh ib itive .
The equipment which was fin a lly  selected was the SATR Data  
Logging R eco rd er, developed by N orthw ick P a rk  C lin ic a l R esearch  
C entre. This is fu lly  described in Chapter 6, I t  consists of a m in ia tu re  
ta p e -re c o rd e r which is c a rr ie d  by the subject, and coupled to an ana lyser  
which counts and averages the heart-b eats  o ver each v e ry  accu ra te ly  
m easured m inute. The tapes m ay be replayed on a special decoder which  
records the m in u te-b y-m in u te  h e a rt-ra te  trac e  v ia  a suitable p e n -re c o rd e r.
The ind iv idual traces  w ere analysed and the m in u te -b y-m in u te  
values m a rr ie d  up w ith  the synchronous log to id en tify  the effects and 
the causes. The data thus collected w ere then subjected to  various  
s ta tis tica l analyses, fro m  which the conclusions w ere  drawn.
2. STRESS A N D  S TR A IN  - A  R E V IE W  OF T H E  L IT E R A T U R E
This chapter review s the lite ra tu re  which has been produced to define 
stress and s tra in  in  the context of the m an ag eria l situation, and some 
of the m ore im portant research  which has been c a rr ie d  out in this fie ld .
2. I  Defining stress
A  group of in d u s tria l m ed ica l p rac titio n ers  and scientis ts , working  
under the auspices of the N ational Institu te  of In d u s tria l Psychology (1971)l 
launched a p ilo t study in  1971 to obtain conclusive evidence of in d u s tria l 
stress. F ive  doctors assisted in  the planning of the study. In  18 months 
of study a w ealth  of in form ation  was collected but at the end of the 
investigation the research ers  adm itted that they could not define stress  
in a m eaningful way.
Burgoyne (1973) describes two kinds of stress feeling: one which  
is physio logical and one which is subjective, that is , experiences of 
m enta l d iscom fort often accompanied by feelings of not being able to  cope, 
that things are  fa llin g  ap art, or a genera l unease that a l l  is not w e ll.
The physio logical m anifestations are  loss of appetite , sleepiness, 
sweating, and in  the long te rm , actual physical illness . The body reacts  
to prepare  its e lf  fo r  fligh t or fight, but in  fact these ra re ly  a re  used 
in  m an ag eria l situations. Hence the system  is throw n out of balance  
w ith excess acid secreted in the stomach* , adrenaline and fa t in  the 
blood, and other som atic changes. -
Burgoyne also suggests a fo rm u la  based on M o r r is ' concept:
uncerta inty  about im portance of a b ility  to
activation  = the outcome of X  the outcome of X  influence the
the event the event outcome
His activation  scale gives the ideal case as "m otivation"
(m edium  activation). A t the two extrem es low activation produces 
ted ium , and high activation  produces stress. A t the low end the person  
does the w ork because he is coerced or rewarded; at the m edium  
leve l he is m otivated. How ever there  is a m axim um  amount of psycho­
logical energy the system  can take, and when this overflows there  exists  
a stress condition.
O verflow  conditions can exist and the body can cope w ith  peaks. 
As Burgoyne states: "Stress is not just a m a tte r of peak levels of 
activation but associated w ith  high 'average' leve l over a tim e , or a 
cum ulative e ffect". The existence of both chronic and acute stress  
levels is shown in the analyses of the resu lts  of the present research . 
G ow ler and Legge (1975)define stress as the condition which is
present when "the indiv idual perceives a m ism atch  in  his circum stances
/
e. g. between p rescrib ed  ro le  behaviours (means) and organizational 
success c r ite r ia  (ends) and where there  is also present a coercive  
fac to r as the need to achieve, which compels h im  to reso lve the m is ­
m atch concerned. "
U ncerta in ty  is a subjective or perceived  sense so it  is not 
necessary to m easure this w ith  any exactitude. It  is necessary to 
determ ine how he h im se lf sees the uncerta in ty  and believes it  to be. 
Burgoyne says that "typ ica l perceived  uncerta in ty  w il l  approxim ate  
(through learning) to objective or actual uncertainty. "
S k ill in coping w ith  certa in  situations can be increased , and as 
this develops the subject w ill  be able to exert some control over the
outcomes and by so doing m ay reduce the uncertainty. An example  
of this is in  the increased confidence (certa in ty) as fa m ilia r ity  
w ith a new job grows. Th is supports the theory  that fo r  d ifferent 
people d ifferent things are  im portant, thus it  is the subjective  
feelings of what the individual considers is im portant which m atte rs .
A b ility  to influence the outcome is also subjective, but does 
have an im portant counterpart. It  is the person's perception of 
his a b ility  to influence (not control) the outcome which is in question.
M cG rath  (1970) has em phasised that stress is the resu lt of 
an im balance between demand and the organism 's capacity to m eet 
that demand. Thus it varies  w ith  environm ental and social 
conditions which affect demand, native endowment, tra in in g , and 
bodily conditions.
Sells (1,970) adds that fo r stress to occur the consequence of 
fa ilu re  to  m eet the demand must be regarded as im portant by 
the person concerned. It  fo llow s, th e re fo re , that the concept 
of departure fro m  the optimum and Sells ' reference to personal 
involvem ent appears to link  stress to m otivation. T h is , once 
again, supports the theory  that stress is not absolute but is that 
which is perceived by individuals as being uncom fortable or d is tre s s ­
ing to them .
The elusiveness of defin ition  fo r  stress is the subject of 
comment by W h i t e h o r n  (1953) who observes; "We m ay be able to get 
some use out of the te rm  stress , even i f  it  is le ft vague and not v e ry  
c le a rly  defined, provided we succeed in specifying fa ir ly  sharp ly  some
of the b io lo g ica l reactions to s tress . M
It  is the specifying of b io log ica l reactions which poses the biggest 
prob lem . Stresses on m a te ria ls  produce resu lting s tra in  which is 
repeatable and pred icted  w ith  reasonable accuracy fo r  that m a te r ia l. 
U nfortunately w ith  psychological stress precise  laws fo r  b io log ica l 
reactions to such stress cannot exist because people m ay reac t " illo g ic a lly "  
or unpredictably being capable of thinking and subject to influences such 
as em otions. C le a r ly  a genera l, generic law  is inconceivable, but 
w ith in  certa in  lim its  ind iv idual laws fo r  each person m ay  be feasib le .
Basowitz et a l (1955) studying paratroopers  reached the 
conclusion that; "We should not consider stress as im posed upon the 
organism , but as its  response to in te rn a l or ex tern a l processes, which  
reach those threshold  levels that s tra in  its physio logical and psychological
in teg ra tive  capacities to or beyond th e ir  lim its . " T h is , again, indicates
/
that the degree of stress is that which the subject perceives and is 
personal to h im . Th is  is the them e of a defin ition by C ofer and A ppley  
(1964) who defined stress as "the state of an organism  where he perceives  
that his w e ll-b e in g  (or in teg rity ) is endangered and that he m ust d iv e rt  
a ll  his energies to its protection . "
A  m o re  e x tre m e  v ie w  is  ta k e n  b y  H a g g a rd  (1949) "a n  in d iv id u a l  
e x p e r ie n c e s  e m o tio n a l s tre s s  w hen  h is  o v e r a l l  a d ju s tm e n t is  th re a te n e d ,  
w h en  h is  a d a p tiv e  m e c h a n is m s  a re  s e v e r ly  ta x e d  and te n d  to  c o lla p s e . " 
M a n y  a u th o rs  o f d e fin it io n s  o f p s y c h o lo g ic a l s tre s s  v ie w  th is  as  
e x tre m e  e x p e r ie n c e s  e ve n  to  the  p o in t o f b re a k d o w n  b u t m o s t a g re e  th a t  
the  o p e ra t iv e  w o rd  is  " e x p e r ie n c e d "  and s tre s s  is  th e  re sp o n s e  to  th is .
2.  11 C op ing  w ith  s tre s s
B u rg o yn e(l9 .73 )su g g ests  th a t th re e  w ays  of coping w ith  s tre s s  
a r e  a v a ila b le  to  the  in d iv id u a l and th ese  a re  ( i)  a v o id a n c e , ( i i )  de fen ce  
m e c h a n is m , and  ( i i i )  le a rn in g .
Avoidance stress is the obvious way of coping w ith  a situation  
although, of course, it  m ay not provide a solution to the prob lem  
which has caused the stress; it  m e re ly  takes the subject out of the 
range of the stress. M o re o ver, subjects m ay not w ish to avoid  
the situation, and in any case, they w il l  not learn  fro m  th is , how 
to cope w ith  a s im ila r  situation on the next occasion.
The defence m echanism  is something which everyone can 
em ploy in  varying degrees. Stress is avoided by the subject 
perceiving less im portance in  the oit come and hence being less 
concerned o r 'w o rr ie d  by it . As w ith  the "avoidance" choice, learn ing  
is low and subjects a re  less able to cope next tim e .
Learning and the im provem ent of sk ills  increases the a b ility  
of the indiv idual to control the outcomes of situations thus in s tillin g  
confidence and hence a reduction in  stress should resu lt.
Learning m ay be-a process of t r ia l  and e r ro r ,  and because 
of this m ay its e lf  generate stress since the outcomes m ay be 
uncertain . The im p lica tio n  is that learning is a way of reducing  
s tressfu l situations which m ay occur in  the fu tu re , but not of reducing  
the im m ediate  stress.
2. 2 P e r fo rm a n c e  and s tre s s
The present research  is concerned w ith  the assessment of 
stress, but not n ecessarily  w ith  its to ta l abolition. It  has been shown 
that a certa in  amount of job stress is essentia l to provide the requ ired  
leve l of arousal and drive  to enable the m anager to p e rfo rm  e ffective ly .
The research  also described below also shows that a leve l of stress which  
is too low can resu lt in  boredom  and lack of m otivating pow er, and hence 
poor perform ance. Unacceptably high stress conditions w il l  resu lt in  
poor perform ance through overexertion  of m ental a n d /o r physical resources.
Th is  contention, som etim es known as the inverted  MUM hypothesis 
is supported by W elfo rd  (1974), who also asserts that a person under 
a certa in  amount of stress perfo rm s b e tte r than i f  he is under too much  
or too litt le  stress.
The Yerkes-D odson Law  (1956) states that perform ance increases  
up to a certa in  leve l of need, and decreases beyond this leve l of need, 
and that the point at which the m otivating force became dysfunctional 
came e a r l ie r  fo r  tasks of g re a te r com plexity. Th is  Law  was fo rm ulated  
in 1908, but la te r  re se arch ers , including Ham m es (1956) and Broadbent 
(1957), investigating the findings of Yerkes and Dodson have supported  
the genera l v a lid ity  of th e ir  Law.
The relevance of this to m an ag eria l stress is found in  the decay 
of perform ance once the point of m axim um  m otivation  has been reached  
and subsequently passed. Burgoyne (1973) argues that the Law  of 
D im inish ing Returns operates, and w ith  m ore com plex tasks the 
outcome is less certa in , producing a reduction in activation .
Again, Howard (1975) suggests a re lationsh ip  between perform ance  
and job stress , which is roughly parabo lic , reaching a high perform ance  
point when m oderate job pressures are  present. He re fe rs  to m anagers  
who .exhibit low perform ance under low job stress as "rusting  out", 
w hile those producing low perform ance under excessive job stress  
are  "burning out".
Howard feels that too m uch stress is b e tte r than too litt le  
fro m  the point of v iew  of productiv ity . Low pressure can reduce 
m o ra le , and the psychological effects can endanger health. He quotes 
a recent 1 5 -year study which has shown that job satisfaction is the 
best p red ic to r of longevity. Job satisfaction often resu lts  in  high 
pressure  w ork  and high stress because of the stim ulation  produced  
in people who enjoy th e ir  w ork.
t .
Donald N o rfo lk  (1975) asserts  that the problem  fo r m anagers  
is not to  avoid stress because this m ay be essentia l fo r  optim um  
perform ance. The stress of contem porary business life  is freq uently  
cited as cause fo r  coronary throm bosis, peptic u lce rs , and breakdowns, 
according to Norfolk. He states that it is not the stress but the way  
it is handled which causes psychosomatic illnesses.
2. 3 D efin ing the leve l fo r excessive stress
When discussing s tress fu l situations and subjects' reactions to 
them , in ev itab ly  the question of what is m eant by "excessive s tress" w ill 
a ris e . It  is necessary  to  have some c r ite r io n  to  indicate levels  of 
h e a rt-ra te  w hich m ay  be considered to be indicative of excessive stress. 
Such leve ls , c le a r ly , w i l l  v a ry  w ith  individuals, being dependent on 
basal or res tin g  h e a r t -ra te , and on the susceptib ility  of the ind iv idual to 
the s tressfu l s ituation.
H ow ever, it is possible to assess the h e a r t-ra te  levels  which  
indicate ex trem es  of stress fro m  investigations which have been c a rr ie d  
out by other re s e a rc h e rs . U nfortunately these are  few , and not altogether 
w e ll documented.
C a rru th e rs  (1974) records results of investigations by R .A .F .  
m edica l estab lishm ents on pilots whose m ean h e a rt-ra te s  reached  
150 b. p. m . on ta k e -o ff  and landing, and on Swedish pilo ts  fly in g  F I 05 
fighters whose h e a r t-ra te s  approached 170 b. p. m .
E xp erim en ts  on public speakers showed h e a r t-ra te . means of 150 
ranging fro m  120 to  180. T e lev is io n  p erso n a lities , such as M ike  Rodd, 
James B u rke , and W illia m  W oo llard , although v e ry  experienced , s t i l l  
attained h e a r t -ra te  levels  of about 150 b. p. m .
P ro b ab ly  one of the m ost s tressfu l situations is m o to r-ra c in g .
In  1969 D r .  P e t e r  T a g g a r t  (1 9 6 9 ) re c o rd e d  ra te s  o f a ro u n d  200  b . p . m .  
w h ic h  he th o u g h t m u s t be in  th e  d a n g e r a r e a .
The im p lica tio n s  of these values a re  discussed in  the "S um m ary"  
section of th is  C hapter.
2 .4  S u m m a ry
Most lite ra tu re  which deals w ith  research  into stress trea ts  
the te rm  "s tres s"  as meaning extrem e experiences even to the point 
of breakdown. In  the present research  the te rm  is used to describe  
not that which is in to lerab le  but any increase of conscious or 
subconscious concern fo r his situation which the subject m ight 
experience over and above his c a re -fre e  resting state, as m easured  
by some som atic or b io log ica l p a ram ete r.
Most im portant in the study of stress is the perceived s tra in  
which the subject experiences and not so much the absolute stress  
imposed. The perceived s tra in  in  tu rn  could depend on other facto rs  
such as background, em otion, nervousness, m otivation , a rousal, and 
s im ila r  psychological disturbances. Subjects m ay be exposed to  situations  
which the investigator m ay consider to be s tressfu l to h im , o r which  
he m ay assume is s tressfu l to others. Even though a task  m ay be 
g en era lly  accepted by people as being onerous, i f  it  is not considered  
e ith er consciously or unconsciously to  be so by the subject concerned, then  
he should not experience the psychological s tra in , or consequently, the 
som atic m anifestations n o rm a lly  associated w ith  subjective s tra in .
F ro m  these investigations the m ost excessively  s tressfu l 
situations appear to produce m ean h e a rt-ra te  levels of about 150 b. p. m . 
and, assuming a working h e a rt-ra te  of c irca  80-100 b. p. m . as shown 
in the present research , this represents a rise  of 50 to 70 b. p. m . which  
is the res idua l or increase due to m enta l s tress. F u rth e rm o re , fro m  
the above it would seem that "stress  h e a r t-ra te "  starts at about 120 
b. p. m . fo r  subjects w ith  average resting  h e a rt-ra te s , or residuals  
of 20 to  40 b. p. m .
F ro m  this it w il l  be seen that "stress  h e a rt-ra te "  has not been 
defined in  objective te rm s  in  the past, because stress experienced m ay  
its e lf  be subjective. Secondly, although absolute values of h e a r t-ra te  
between subjects m a y b e  m eaningless in  te rm s  of evaluating s tress , 
the excess h e a rt-ra te  or res idua l above the base-lin e  h e a r t-ra te  w ill  
be a superior m easure.
3. M ETH O D S O F ASSESSMENT - A  R E V IE W  O F T H E  L IT E R A T U R E
3. 1 C r it ic a l f lic k e r  fusion ( C . F . F . )
Much w ork has been c a rr ie d  out to investigate the use of C. F . F .  
to m easure m enta l s tra in , some of the e a r ly  w ork being that of 
Simonson et a l (1941, 1952). Schmidtke (1965) has shown that p u re ly  
m ental tasks can low er the c r it ic a l fusion frequency.
A  drawback to the method is that fusion can be experienced at 
any frequency provided that the m odulation am plitude is at a ce rta in  
leve l fo r that frequency. Curves which show this have been plotted by 
de Lange (1958) of f lic k e r  frequency against m odulation.
The C . F . F .  is affected by other factors such as the illu m in atio n  
of the surrounding fie ld , spatia l contrast (Levinson, 1964), the light - 
to -d a rk  ra tio  of the flic k e rin g  light and its size (Brown, 1965), and 
colour as dem onstrated by de Lange (1958). M any of these w r ite rs  
w ere re a lly  looking at m enta l fatigue as a m easure of m enta l load, as 
opposed to d ire c t m enta l or psychological s tra in , although the fo rm e r  
m ay be a resu lt of m enta l s tra in .
Rey and Rey (1964) showed that in  a v isua l task  such as a 
reading te s t, the depression of the C . F . F .  depended on the speed at 
which words w ere presented to  the subject, and not on the m enta l 
load.
3. 2 Secondary tasks
This technique again, imposes inhibiting and d istracting  
influences on the subject. Rolfe (1971) records that th ere  have been
few  attem pts to assess the values of d ifferen t types of secondary tasks  
or procedures. He fu rth e r states that secondary tasks are  "no substitute 
fo r competent and com prehensive m easurem ent of p r im a ry  task  p e rfo rm  - 
ance11, and should be regarded as na means of gathering additional 
in fo rm atio n  ra th e r than an easy way of obtaining p r im a ry  in fo rm atio n 11.
The method has been used w ith  success recently  during studies 
at B irm ingham  U n iv e rs ity * , but using a sim ple secondary task  such as 
the uttering  of a reg u la r "pom -pom -pom " beat.
The va ria tio n  to the tapping (or "pom -pom " method to which  
re ference has just been m ade), has been used by M ichaut (1964) to com pare  
the handling of various types of cars , and has been found to in te rfe re  v e ry  
l it t le  w ith  the p r im a ry  job. ■ The technique has been em ployed w ith  
reported  success by Poulton (1958), B row n (1961), H a id er (1962), and 
Rolfe (1971).
A  v a ria tio n  of the dual task method is the technique of "d is trac tio n  
stress", which in this case uses as its m ain  task a sim ple a c tiv ity , such 
as the binary choice task. The m ethod has found favour w ith  K alsbeek
(1962), and Shouten et a l (1962), who em ploy sim ple b in ary  choices as 
the secondary task. O ther secondary tasks include the trac in g  of a way  
through a m aze w ith a pencil, again used by K alsbeek (1962).
T h ere  a re  few documented system atica lly  perfo rm ed  studies 
availab le  fro m  which a re liab le  evaluation of the method of d is trac tio n  
stress m ay be m ade. It  is not g en era lly  recom m ended as a m ethod fo r
*  D iscussion w ith  R. A stley , Lucas In stitu te , B irm ingh am  U n iv e rs ity , 
N ovem ber 1974.
m easuring m ental load, according to  K alsbeek (1970). Rolfe points out 
that a disadvantage of the method is the in terferen ce  caused by the 
secondary task w ith  the p r im a ry  task. The method provides a sa tis ­
fac to ry  way of m easuring the spare m ental capacity as long as the subject 
trea ts  the p r im a ry  task  as the p r io r ity  one, but often he is d istracted  
by the secondary task  to a point where he gets m ore involved in  
com pleting this at the expense of the p r im a ry  task. K alsbeek (1968) 
was concerned w ith the amount of attention the subject was w illin g  to  
spend on the secondary task.
3. 3 Physio logical techniques - pulm onary ventila tion
P ulm onary ven tila tion  has been used, and is considered by 
m any to be a m ost successful and re lia b le  p red ic to r of physical energy  
cost. R esearchers include D urn in  and Edw ards (1955), F o rd  and 
H e lle rs te in  (1959), Sharkey et a l (1966), Ram anathan (1969), Data and 
Ram anathan (1969), C hristensen (1953), and Kamon (1972).
The author could not d iscover any evidence of m enta l s tra in  
being m easured by the use of pulm onary ventila tion .
3 .4  Physio logical techniques - E lectroencephalogram  ( E .E .G . )
One method of m easuring arousal or m enta l e ffo rt which appears  
to be an obvious choice is the d irec t m easurem ent of b ra in  a c tiv ity  
through the output of the electroencephalograph (E .E .G .)
W isner (1970) holds the v iew  that a single scale of a rousa l in  
the c lass ifica tion  of w ork is not acceptable, and that it  is the o rien ta tio n  
of attention to the d ifferent factors in the w ork  which is as im portant as 
m ere  levels of activation. Once again the re search er is faced w ith
the problem  of re la ting  b ra in  a c tiv ity  to  s tress, because the b ra in  a c t­
iv ity  w ill  be affected by perceived s tress , ra th e r than actual, absolute, 
stress. C le a r ly  i f  stress is not recognised, ne ither consciously nor 
unconsciously, the b ra in  w ill not react to it . The c r ite r io n  of its usefu l­
ness is , of course, whether the re se a rch er is in terested  in  the amount 
of stress caused by certa in  w ork, or in  the leve l of stress experienced  
by the indiv idual subject.
The method has been used both in  the lab o ra to ry  experim ents  
and also, apparently  successfully in  w ork  situations in  the fie ld , as 
witnessed by the researches of M anigault et a l (1969) using the m eas u re ­
ments of alpha waves in  the E .E .G .  s of in d u s tria l car w o rkers  em ployed  
on exacting m enta l tasks.
S u rp ris in g ly  W isn er (1970) rem arks  on the sc a rc ity  of rese a rch  
on E .E .G .  of n o rm al, ac tive , humans, although pathological subjects 
have been w idely  studied, hence the d ifficu lties  in  in terp re tin g  the 
resu lts  of E .E .G .  recordings in te rm s  of m enta l w o rk -lo ad . U nfortunate ly  
suppression of E .E .G .  alpha waves is not e n tire ly  re la ted  to m enta l 
overload, but to v isua l a c tiv itie s . Angiboust et a l (1966) dem onstrated  
th is by m aking subjects p e rfo rm  d ifficu lt calculations in  the d ark , when 
v isu a l a c tiv ity  was neglig ib le. A lpha suppression was m in im a l also.
Gastaut and B ert (1954) studied v iew ers  at cinem as, observing  
large bursts of alpha waves while the attention of v iew ers was re laxed  
and litt le  in  the way of exciting action was evident.
H artm ann et a l (1970) could iden tify  no c le a r E .E .G .  tren d  during  
a working day, although h e a rt-ra te  increased.
A  re la ted  technique is the study of evoked c o rtic a l potentia ls, 
which are  detected in  the same way of E . E . G . , but having am plitudes  
of the order of only one-tenth of those produced by background E .E .G .  
waves. Because of the adverse s ign al-to -no ise  ra tio  it is common 
practice  to add severa l cycles in some way, and then to average the 
values of the evoked potentia ls, ty p ic a lly  using a com puter 
L ille  et a l (1968) dem onstrated the decrease in  evoked c o rtic a l potentials  
a fte r the execution of an intense m enta l task.
Other w orkers  in  this fie ld  a re  H a id er (1967), Sheatz and 
Chapman (1969), C allaw ay (1966, 1969), and Spong et a l (1965).
Results appear to be inconclusive when attem pting to  use the 
method fo r  assessing m enta l load. A lso  there  appears to  the author 
to  be at least one constraint on the use of the m ethod, -the lim ita tio n  
being the size of the load, it being re s tr ic te d  to  sim ple and light loads.
3. 5 Physio logical techniques - skin conductance (or resistance)
Adams and Chiles (1961) m easuring the perform ance of 11 subjects 
during a 15 day confinement showed that the conductance of the skin can 
v a ry  according to the d iu rna l cycle, vary ing  in  sympathy w ith  the h e a r t-  
ra te  (see also Chapter 5 of this thes is ). T h e ir  c o rre la tio n  coefficients  
fo r  uncorrected lo n g -te rm  trends w ere: 0.85 w ith  h e a r t -ra te , 0.95 
w ith  p ro b ab ility  m onitoring , and 0.83 w ith  a rith m e tic  com putations.
The method of skin resistance has been employed by M u r r e l l  
(1969) who was investigating auto -arousal and v ig ilance . The resu lts  
w ere not absolutely conclusive, and M u r r e l l  adm its that behavioural
m easurem ents have not always follow ed pred iction . He found inverted  
U -conductiv ity  curves when superim posed vig ilance signals w ere  
presented to the subjects. But occasionally no curves appeared, even 
though subjects' reactions appeared to be the same.
R e la t iv e ly  l i t t le  w o rk  has b een  done in  th is  a r e a ,  and u s u a lly  
re s u lts  a re  m e an s  fo r  g ro u p s  of s u b je c ts , w h ic h  ten d s  to  h ave  a le v e llin g  
e ffe c t as e a c h  s u b jec t re a c ts  d i f fe r e n t ly  to  g iv e n  s itu a tio n s . D a rd a n o  
and M o w e r  (1 9 5 9 ) o b ta in ed  v e r y  good c o r r e la t io n  fo r  th e  su b jec ts  w h en  
r e la t in g  s k in  conductance to  th e  lo g a r ith m  o f re a c t io n  t im e .  A g a in  
d e c re m e n ts  in  conductance w e re  found o c c a s io n a lly  w h en  the  s itu a t io n  
a c tu a lly  w as not a ro u s in g  in  n a tu re .
M u r r e l l  (1 9 69 ) a ls o  show ed, b y  us in g  d ru g s , c o ffe e , and p la ce b o s  
th a t s k in  conductance cou ld  be a ffe c te d  b y  the  s u b je c t. In  som e in s ta n c e s  
a su b jec t w o u ld  d ec id e  th a t a p la c e b o  co n ta in ed  a s t im u la n t and h e r  s k in  
conductance w o u ld  re a c t  a c c o rd in g ly .
U nfortunately some e lec tro lys is  m ay occur between the e lectrodes  
and this m ay adverse ly  affect the resu lts  (B innie, 1974). F o r  this  
reason some research ers  p re fe r  to  take m easurem ents over a v e ry  
short period of tim e .
T h ere  is no doubt that skin conductance is a re lia b le  m easure  of 
m enta l arousal when it does react to the state of the indiv idual. 
U nfortunately it is not in fa llib le , and does not always react to  the s tim u li 
ev ery  tim e  they are  presented. Th is  m ay be due to contrad ic tory  
situations which could cancel the effect of the arousal or s tress.
3 .6  P hysio log ical techniques - sinus a rrh yth m ia
The technique of so -ca lled  sinus a rrh y th m ia  (or h e a r t-ra te  
v a ria b ility ) is favoured by m any rese arch ers , but s t il l  rem ains a topic  
of much controversy, as the papers quoted below w il l  show.
These cyclic  fluctuations, in  resting humans, are  p r im a r ily  
due to  a c tiv ity  of the s tre tch  receptors w ith in  the thorax , according  
to Clynes (1960a). According to Vallbona et a l (1965) haem odynam ic  
and other cen tra l factors p lay  a p a rt. Clynes (1960b) found a v e ry  
good co rre la tio n  between h e a r t-ra te  fluctuations and changes in  thorax  
d iam eter. Thus a connection between h e a rt-ra te  changes and re s p ir ­
a to ry  changes is established (see Section 5. 24 C hapter5 ). H e a r t-  
rate  v a ria tio n  is present in m ost humans except fo r  v e ry  slow breathers  
(Sroufe 1971).
K r o l  and O p m e e r  (1 9 69 ) te s te d  e m o tio n a l s tre s s  o f p a ra c h u tis ts  
u sin g  sinus a r r h y th m ia ,  and found a h ig h ly  s ig n if ic a n t d if fe re n c e  b e tw e e n  
v a r io u s  s ta tes  o f e m o tio n .
O pm eer1 s experim ent w ith  sinus a rrh y th m ia  and breathing rate  
as p red ic to rs  of psychological stress and em otion found the la tte r  to  
be a m uch b e tte r m easure than sinus a rrh y th m ia  at high levels  of energy  
output. He also found that under ce rta in  conditions sinus a rrh y th m ia  
was superior to  h e a rt-ra te  because the la tte r  often gave a steady m ean  
value when independent variab les  w ere a lte red , while sinus a rrh y th m ia  
gave definite co rre la tio n  w ith  the dependent v a riab le . H ow ever, K alsbeek
(1963) agrees that some investigators have not found sinus a rrh y th m ia  
to be a va lid  m easure . He attributes th e ir  conclusions to  the lack of
understanding of the situation, and fa ilu re  to take into account a ll  of the 
fac to rs . C om plexity  does not n ecessarily  increase m enta l load, ne ith er  
does increase of in form atio n  to be processed.
The present w r ite r  has tested O p m eer1 s data and found a high  
o vera ll inverse co rre la tio n  ( -0 .7 )  between sinus a rrh y th m ia  (the 
dependent va riab le ) and physical load (independent v a ria b le ), but a v e ry  
low co rre la tio n  ( -0 .335 ) between sinus 'a rrh y th m ia  and m enta l load.
The significance of these resu lts  is not e n tire ly  conclusive 
because of the sm all sample size involved; only th ree subjects being used 
in each tes t. F u rth e rm o re  the m enta l load was a sim ple b in a ry  choice 
task which probably did not impose great s tress , hence the low co rre la tio n .
K alsbeek and E ttem a (1963) found that the fluctuations in  h e a rt-  
rate  during rest could be up to 20 beats p er m inute.
S evera l factors have been found to influence h e a rt-ra te  v a r ia b ility  
(Brown, 1964) such as dynam ic w ork  load, static  w ork load, and em otion  
(according to K ro l et a l, 1970), age (M alm o and Shagess, 1949), and 
re sp ira tio n  rate  researched by Angelone and C oulter (1964). Such 
fac to rs , together w ith  the absence of any agreed defin ition  of m enta l 
load tends to confound the issue, and F ir th  (1973) suggests that fo r  
th is reason sinus a rrh y th m ia  m ay not be a p ra c tic a l too l in the w ork  
environm ent. F u rth e rm o re  sinus a rrh y th m ia  m ay a rise  fro m  m alfunctions  
such as a tr ia l ectropic  beats orig inating fro m  sources other than the 
s in o -a tr ia l node.
An added d ifficu lty  is in the in te rp re ta tio n  of changes in  h e a r t-  
rate  v a r ia b ility  and in  its m easurem ent. K alsbeek (1970) has proposed
a procedure fo r this (his S /N  Index), but W artna and Danev (1970) have 
lis ted  no less than 15 form ulae but do not c la im  this to be exhaustive.
The present w r ite r  has c a rr ie d  out experim ents using b inary , 
m ultip le  choice, and c le r ic a l type operations, but has found no resu lts  
of significance which v e rif ie d  the co rre la tio n  between sinus a rrh y th m ia  
and m ental load. Exam ples of typ ica l resu lts  a re  given in F ig u res  I  
and I I  which show h e a rt-ra te  va ria tio n  fo r tasks of increasing com plexity. 
The subjects w ere req u ired  to extinguish lights on a panel by pressing  
the co rrec t buttons which w ere w ired  to the lamps in a com patible  
fo rm at. O ther subjects w ere given buttons in which the w irin g  fo rm at  
was incom patible. Evaluation  of the sinus a rrh y th m ia  score was 
according to K alsbeek1 s scoring method (1970).
On K alsbeek1 s evidence these tasks would probably not be 
described as appropriate  fo rm s of m enta l load.
3. 7 Physio logical techniques: h e a rt-ra te
Th is  is probably one of the m ost w idely  used of the ind icators  
of s tra in  on w o rkers , especia lly  fo r assessing physical s tra in , because 
of the amount of in form ation  availab le  when the lite ra tu re  search was 
c a rr ie d  out.
Fox (1971) quotes applications in w ork load com parisons, rest 
requ irem ents, effects of th e rm a l environm ent, and m atching m en to  
jobs.
Most of the research  reports  considered by the w r ite r , has been 
concerned w ith  physical w ork and energy expenditure, fo r  exam ple  
Poulson et a l (1962) and Andrews (1967), and high c o rre la tio n  has been
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found, indicating that h e a r t-ra te  is an excellent d irec t m easure of w ork  
output. In  some cases it is an a lte rn ative  to resp ira tio n  and vo lu m etric  
analyses of exhaled a ir  (M a ritz  e t 'a l, 1961). Such a resu lt of course, 
is not unexpected. The present w r ite r  has also found during the course 
of this research , an e x tre m e ly  high co rre la tio n  between physical e ffo rt 
and h e a rt-ra te . Th is  is evident fro m  the pen recordings exhibited in  
the Appendices to this thesis.
H e a rt-ra te  has also been used as an ind icator of m enta l s tra in
\
by Gibson and H a ll (1966), although research  in  this a rea  is not n early  
so prevalent as in the fie ld  of physical work.
One test c a rr ie d  out during a teaching period  yielded some 
in form atio n  about such a re lationsh ip  (W hitm ore, 1974). It  is possible  
that the lab o ra to ry -typ e  im posed stresses do not provide the load which, 
in  fact had been anticipated, whereas actual stress in  prac tice  had 
produced the feeling of re a l s tra in .
The conclusions of Hennigan and W ortham  (1975) w ere that h e a rt-  
rate  was a significant p red ic to r of m enta l s tress , and support the 
contention that s tressfu l situations cause high h e a r t-ra te  and conversely  
high h e a rt-ra te  can iden tify  s tressfu l situations. Out of 45 data days 
used by Hennigan and W ortham , the highest heart-?rate of the day occurred  
seven tim es during sp ec ifica lly  identifiab le  problem  periods, 15 tim es  
during no rm al w ork situations, and 10 tim es during m eetings, excluding  
those which occurred (i. e. three  tim es) during physical ac tiv ity .
Some in teresting  resu lts  w ere obtained by Schacke et a l (1972) 
who m onitored h e a rt-ra te s  of in d u stria l m anagers (using te le m e try )  
over th e ir  working day. Results of h e a rt-ra te  co rre la ted  w e ll w ith  
the stresses imposed on the m anagers. U nfortunately, like  Hennigan
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and W ortham , Schacke et a l displayed th e ir  resu lts  as readings at 
15-m inute in te rv a ls , and thereby not dem onstrating m in u te-b y-m in u te  
varia tions  in psychological s tra in .
O ther research ers  including P ro f. G erhard t Preuschen of 
G erm any's  M ax Planke Institute (Chapman, 1974), showed that telephone 
calls fro m  m anagers' wives can cause anxiety and loss of concentration  
and even lead to  ill-h e a lth . He showed that even lig h t-h earted  
conversations unsettled m anagers at w ork. P ro f. Preuschen indicated  
that h e a rt-ra te  rises  of as litt le  as 20 to 50 b. p. m . could be in jurious  
to health over a long period. H is studies support the use of h e a r t-ra te  
as a p red ic to r of m enta l s tra in .
3. 8 C ritique
Much research  has been c a rr ie d  out over the past few decades 
into the m easurem ent of psychological s tra in . Some research ers  have 
favoured the observational techniques, which c le a rly , can be v e ry  sub­
jec tiv e , often re ly ing  on personal judgem ents. Th is  was obvious to  
the present w r ite r  when carry in g  out his l i te ra ry  research .
Th is  Chapter has review ed the various techniques availab le  fo r  
assessing s tra in . When this research  was o rig in a lly  conceived these 
methods w ere considered, but w ere , in  the m ain , re jected  fo r  reasons  
discussed below.
The p u re ly  observational methods requ ire  of the re se a rc h e r an 
a b ility  to  recognise the v isua l and v e rb a l ind icators , and m ore im p o rta n tly  
to be able to in te rp re t them  c o rrec tly . It  is possible to recognise the 
symptoms of gross s tra in , but a lm ost im possible, in the v iew  of the  
present re se a rch e r, to d iffe ren tia te  between the levels of s tra in . The  
quantification of these, too, is a subjective task; the weightings applied
to each leve l being a m a tte r of experience or personal judgem ent.
Some success has been claim ed by research ers  using the dual 
(or secondary) task  method, but the present w r ite r  has not been able to  
find a suitable secondary task to apply to catering m anagers w h ile  they  
are  perfo rm ing  th e ir  no rm al w ork. The purpose of this research  was to  
collect c lin ica l data fro m  m anagers going about th e ir  n o rm al business, 
w ith  as litt le  outside in terfe ren ce  as possible. Secondary task  methods 
are  suited to the contrived studies of the lab o ra to ry  where a lread y  an 
a r t i f ic ia l situation ex ists , but because of the degree of in terfe ren ce  w ith  
n o rm al routine w ere not considered appropriate  in the present research .
The electroencephalograph is one of the most d ire c t methods of 
m easuring b ra in  ac tiv ity . The changes in  alpha rhythm s do re fle c t  
b ra in  a c tiv ity , but unfortunately a re  g re a tly  affected by v isu a l e ffects , 
and use of the eyes. S im ila r ly  m enta l w ork  load reduces alpha a c tiv ity  
to d ifferen t extents (Angiboust et al,* 1966), depending on w hether the 
w ork is taking place in  we 11-lit  or dark  environm ents.
F u rth e rm o re , great d iffic u lty  is found in c o rre c tly  in terp re tin g  
the E .E .G .  traces  in te rm s  of m ental-load. T h ere  is a lack of research  
in this a rea , and th e re fo re , no sa tis fac to ry  way of re la tin g  decrem ents  
in, say, alpha wave am plitude to m ental s tra in  in  the author's  opinion.
Because of these d ifficu lties  and disadvantages the use of E .E .G .  
recordings fo r assessing m enta l s tra in  is not su ffic ien tly  re lia b le  to be 
of value to the present re se a rch er investigating situations such as those 
presented here.
V aria b le  results have been obtained w ith  skin conductance (or 
resistance). Some research ers  have found success, and the method
does w ork, according to the accounts discussed in Section 3. 5, but 
much research  is s t il l  needed in this fie ld  to  overcome the d ifficu lties  
and u n re lia b ilitie s  of the method.
A  co n tro vers ia l subject which has been considered by the author 
is h e a rt-ra te  v a ria tio n , or so -ca lled  "sinus a rrh y th m ia " , a te rm  
p re fe rre d  by Kalsbeek. The method is advocated by K alsbeek and 
E ttem a (1963), and among others, by K ro ls  and Opm eer (1969). As 
w ith m ean h e a r t-ra te , sinus a rrh y th m ia  is influenced by other physio­
logical and environm ental facto rs . Kalsbeek h im se lf adm its that sinus 
arrh y th m ia  requ ires  v e ry  ca re fu lly  controlled conditions, necessary  
to  obviate these other effects. The present author had litt le  success 
w ith the method, possibly because the conditions w ere not controlled  
suffic ien tly , or because the stressors  w ere not effective in  producing  
a feeling of s tra in  in the subjects. How ever, i f  this system  is that 
sensitive to ex tern a l in terfe ren ce  it cannot be robust enough fo r  use in  
p ra c tic a l situations in the fie ld .
The method of h e a rt-ra te  v a ria tio n  as a p re d ic to r fo r  psychological 
stress has a good follow ing according to the lite ra tu re  discussed in  
Section 3. 6, but alm ost as m any opponents who are  sceptical about the 
v a lid ity  of the procedure. It  is this uncerta in ty  and the apparent s e n s itiv ity  
of the method which fin a lly  disuaded the present w r ite r  fro m  using the 
technique in  assessing the stress on m anagers.
The method of skin conductance is a reasonable, i f  inconsistent 
p red ic to r of m ental s tra in , or m ore c o rre c tly , arousal. Some research  
has been c a rr ie d  out on this la tte r  re la tionsh ip , but resu lts  do not
encourage the use of this p a ram ete r as a p red ic to r of arousal.
Even less has been done to find a re lia b le  re lationsh ip  between 
skin conductance and m enta l s tra in . E xperim ents  so fa r  have shown 
that skin conductance w ill  indicate that psychological s tra in  is present 
when monotonous jobs are  perfo rm ed , but the effects m ay be counteracted  
by the production of s e lf-a ro u s a l by the subject h im self.
The u n re lia b ility  of the method led the rese arch er to discount 
this as a possible p red ic to r of m enta l s tra in  fo r  the present research .
It  appears to the author, fro m  the published research , and fro m  
his own exp erim en ta l w ork w ith  students p r io r  to the present research , 
that the m ost re lia b le  method fo r assessing s tra in , p a rtic u la r ly  
psychological s tra in , was h e a rt-ra te  levels . Th is  was the method fin a lly  
chosen fo r  the present research , even though the author does not 
e n tire ly  agree w ith  the methods cu rren tly  adopted by others. The author's  
im provem ents are discussed in  Chapter 8 of this thes is , and fo rm  an 
im portant part of this o rig in a l research .
4. STRESS A ND H E A R T -R A T E
4 .1  Assessing load
The assessment of m anual load under which an operator or 
other subject is working is re la tiv e ly  s tra igh tfo rw ard , and poses few  
problem s other than those of overcom ing the inconvenience to the subject. 
M anual load m ay be quantified fro m  the p aram eters  of the w ork  being 
c a rrie d  out.
U nfortunately, in  the evaluation of m enta l load often there  is 
lit t le  to observe, and, as in  the case of w ork  m easurem ent by p re d e te r­
m ined m otion tim e  system s, v e ry  lit t le  physical w ork  or m ovem ent on 
which to base an assessm ent.
The author has considered two aspects:
1. The load im posed on the w o rke r by the task  he is about to undertake
/
2. The load experienced by the subject.
T h ere  is no re a lly  satis facto ry  way discovered by the author fo r  
m easuring imposed load. A ttem pts have been made by K asl and F re n ch  
(1962) to use com plexity or quality  of in form atio n  as indices. The load 
experienced by the subject could v a ry , in  the opinion of the author, w ith  
individuals according to such fac to rs , in  the long te rm  as background  
and upbringing, and in  the short te rm  as em otion, nervousness, 
m otivation  at that tim e , d is tractive  influences, environm ental p ressu res , 
and fru s tra tio n .
4. 11 D iffe ren tia tin g  between m anual and m enta l loads
Most methods of assessing the s tra in  on a person do not.
d iffe ren tia te  between physical and m enta l s tra in , and often the effects  
of physical e ffo rt com plete ly  swamps the m uch s m a lle r ind icators  
produced by m enta l s tress . F o r  exam ple, high m ental e ffo rt m ay cause 
a change in  h e a r t-ra te  of five or s ix  beats p e r m inute, but i f  the m enta l 
effo rt coincides w ith  high physical e ffo rt, the r is e  in  h e a r t-ra te  m ay be 
of the order of 40 or 50 beats per m inute. The sm all additional effect 
of m enta l w o rk  superim posed upon this m ay be m issed , or at least w i l l  
not be d iffe ren tia ted
O bservational techniques of subjective assessm ent a re  too  
coarse to be of assistance h e re , although they m ay provide the dependent 
variab le  in  any experim en t. M u ltip le  regress io n  analysis m ay  be used 
to separate the two effects provided that suitable independent variab les  
are  availab le  which m easure (a) physical load only, and (b) m enta l
load only, and that th ere  is a low in te r  cor re la tio n  between them .
/
U nfortunately form ulae derived  fro m  the use of M R A  a re  subject to  
e rro rs  (the magnitude of which m ay be indicated by the indices of 
determ ination). Thus on any one occasion the fo rm u la  m ay be in  
e r ro r  to an unacceptable degree, whereas over a long period  the fo rm u la  
w ill  produce answers which include compensating e r ro rs , and so 
average out.
In  the present research  ev ery  reading m ust be re la tiv e ly  re lia b le  
so the use of M R A  formulae fo r  this purpose has been ru led  out although  
i t  could be useful fo r  long-term  co rrec tio n  fa c to rs . A lte rn a tiv e ly  it  
was decided to obviate any readings during which heavy physica l w o rk  
was involved, and to compensate fo r  light physical s tra in  such as 
posture. These factors a re  fu lly  discussed in  C hapter 5.
4i 2 E x p e r im e n ts  in to  s tre s s
When an exp erim en ter wishes to investigate the nature of psycho­
log ica l stress he usually  c a re fu lly  arranges the study before the experim ent 
and then adjusts the situation in  order to m easure or assess the response 
occasioned by the s tim u li.
Such experim ents a re  usually  p erfo rm ed  under c a re fu lly  controlled  
conditions in the lab o ra to ry  and th is , in its e lf, m ay produce an a r t i f ic ia l  
environm ent, or at least introduce an elem ent of psychological s tress. It  
w ill  also stim ulate a change in  n o rm al behaviour of the subject. In  tu rn  
som atic responses m ay be affected, and this is an im portant consideration  
when the p red ic to r is one of the physio logical m easures.
Im posed stress such as that to which the subject of the experim ent 
is subjected cannot be m easured absolutely because d iffe ren t subjects w il l
experience d ifferin g  degrees of s tra in  depending on how the p a rtic u la r!
fo rm s of stress affect them  ind iv idually . The exp erim en ter w il l  im pose , 
on the subject the form s of stress which he believes w i l l  be s tress fu l to  
the subject, and possib ly even that fo rm  which he feels  would be s tress fu l 
to h im s e lf . Th is  m ay give r ise  to ambiguous resu lts . The exp erim en te r  
imposes what he thinks ought to be s tressfu l, but i f  the response is s m all 
then e ith er the p red ic to r is not sensitive enough bo the response, or the 
s tim u li a re  not, in  fact, affecting the subject.
On the other hand m any experim ents are  designed to d iscover 
which stress factors cause s tra in  on a subject, and i f  the exp erim e n te r  
knew what these w ere beforehand there  would be no need fo r  such a 
qualitative experim ent in the f ir s t  place.
One advantage possessed by lab o ra to ry  experim ents over fie ld  
studies is that the exp erim en ter can m anipulate the s tim u li and the 
environm ent in  order to  test those p aram eters  which in teres t him  m ost. 
D iffe re n t levels of stress can be im posed, righ t up to ex trem e, life  
threatening leve ls , and a ll  increases of stress can be adjusted at w ill.
In  the fie ld , studies depend v e ry  much on "the luck of the draw " that 
something s tressfu l w ill  occur during the period  of the study. The  
s tim u li can be adjusted and situations arranged  to a lim ited  extent 
but not d ra s tic a lly . H ow ever where it  is necessary, as in  the present 
research , to investigate stress and s tra in  in  a spec ifica lly  defined  
occupation, observations m ust be c a rr ie d  out w hile  subjects a re  
perform ing  th e ir  jobs in  th e ir  own environm ents, and w ith  a m in im u m  
of ex tern a l in terfe ren ce  fro m  the research ers .
i
4. 21 Stress factors
The four m ost common causes of job stress have been stated  
by P e ttig rew  (1972) to be:
(i) job conflict
(ii)  ro le  am biguity
(ii i)  ro le  overload, and
(iv) ro le  underload
Role conflict is present when a m anager attem pts to satis fy  
two p artie s , fo r exam ple superiors and subordinates, in  situations  
which generate conflicting loyalties. In  m any cases the m anager
fa ils  to satisfy  one faction w ith the inevitable development of in te r -  j  
personal conflicts and hence another source of s tress. F u rth e rm o re  
the m anager m ight drive h im se lf into a ro le overload situation in  
try in g  va in ly  to appease both sides.
Changes in  the organization can give rise  to ro le  am biguity. 
New roles m ay not have been defined c le a rly  and the m anager is 
not sure of the bounderies of his responsib ilities  and authority. 
P e ttig rew  has cited cases where superiors actually  encourage 
ro le  am biguity to foster com petition among subordinates. Absence 
of adequate feedback on the attainm ent of, or fa ilu re  to a tta in  the 
requ ired  perform ance levels contributes to stress.
Role overload results when the job demands of the ro le  exceed 
the indiv idual's  response capabilities. U sually  the rate  of generation  
of the w ork is not under the control of the individual; it  is , in  some 
way, "paced". A t least it  can be said that there  is adequate s tim u­
lation, which cannot be true of ro le  underload.
The stress of ro le underload m ay be attributed to lack of 
job satisfaction because of the im balance between the low rate  of 
generation of w ork and the subject's g re a te r capacity fo r  responding.
It  is m ost probable that the im portant aspect is the amount 
of stress actually  experienced or perceived by the subject. Th is is 
pertinent because one man's stress m a y b e  another's m otivation .
A  m anager who is unsuitable fo r the ro le he has undertaken m ay not 
be able to cope w ith many situations, and th e re fo re , these m ay appear 
to be s tressfu l to him . I f  he does not recognise the s tress, probably he
does not produce the adrenaline and other som atic effects.
The resu lts  of the foregoing research  by P e ttig rew  leads 
to the conclusion that jobs should be designed to provide a certa in  
essentia l leve l of s tress , but no in form atio n  is availab le  on the 
actual values of the stress which are  necessary to indiv idual m o ti­
vation. F u rth e rm o re , because the stress can be h arm fu l in other 
ways (physical, psychosomatic illnesses), m anagers m ust be taught 
h o w to  cope w ith these stresses.
The re lationsh ip  between status and health was investigated  
in  two companies by K asl and F rench  (1962) who found an inverse  
co rre la tio n  between s k ill leve l and frequency of v is its  to the company 
dispensary. T h ere  was also a positive c o rre la tio n  between status 
and health. M en who moved to jobs of h igher status showed decreased  
vis its  to the dispensary, and vice versa .
Kahn et a l (1964) quote fro m  a N ational Survey on Self Reported  
H ealth  and, again, showed a positive co rre la tio n  between status and 
health. A  s im ila r  re lationship was found w ith  status and m ean tension. 
This national survey also revealed that there  was a connection 
between the increase in job w o rries  and increased superv isory  
responsib ility .
People in higher m an ag eria l positions experience g re a te r levels  
of tension, it would appear fro m  these investigations. They seem to  
experience m ore role conflict, m ore innovative problem  solving, m o re  
contact w ith others outside th e ir  own departm ents. These facto rs  appea 
to introduce stressfu l situations.
4. 3 H e a r t - r a t e  and  m e n ta l s t r a in
The waking card iac rate  is affected by a ll  kinds of em otional 
disturbances, and, conversely, fa lls  p ro g res s ive ly  during sleep. Thus 
differences between waking and sleeping HR m ay be used to assess 
m enta l s tra in . H ow ever it  is d ifficu lt to assess the em otional s tra in  
of people who are  asleep because they m ay be disturbed by dream s  
which they m ay be experiencing, (see references which fo llow ).
That m enta l s tra in  has an effect on HR has been dem onstrated  
m any tim es . Tann er (1951)has shown the effects-o f apprehension  
(emotion), on subjects v is iting  a la b o ra to ry  on the f ir s t  occasion when 
they w ere  v e ry  apprehensive, and on a subsequent occasion when 
they knew what to expect. The resu lts  showed how s m all a re  the 
differences which m ust be detected (c. 2 or 3 b. p. m . ) in  an investigation  
on em otion, unless the circum stances are  s ign ifican tly  d iffe re n t.
f "
The researches of Hennigan and W ortham  (1975) of Texas  
A  & M  U n iv e rs ity  investigated.; the im pact of job a c tiv ity  on H R , using 
24 m ale engineering m anagers. E .C .G .  records w ere  co llected on 
each subject during two 6 — 10 hour periods, of which 45 data days 
w ere ac tu a lly  used. These research ers  used A vionics R esearch  Corpn. 
E lectrocjard iocorders  which recorded HR on to tape. Subjects made 
th e ir  own d ia ry  en tries . Baseline E .C .G .  was taken at the tim e  of 
com pletion of a personal data sheet and the G A M IN  (M a rtin  1945) 
portion of the G u ilfo rd -M a rtin  Inventory  of F acto rs  tes t.
B aseline HR v a ried  fo r  the 24 subjects between 40 b. p. m . and 
119 b. p. m . They concluded that it  was not possible to develop a g en e ra l
baseline. The a c tiv ities  which produced the highest stress conditions 
w ere identified  (see Tables A , B, and C . ).
These tables indicate an increase in h e a rt-ra te  when m enta l stres  
occurred. Table  G highlights the effects of smoking on h e a rt-ra te .
The conclusions of Hennigan and W ortham  are  that "The resu lts  tend 
to support the contention that s tressfu l situations cause high h e a r t-ra te  
and conversely that high h e a rt-ra te  can id en tify  s tressfu l in d u s tria l 
situations".
Hennigan and W ortham  detected a cyclic  trend  s im ila r  to those 
identified  in subjects p artic ipating  in  this present research . These  
w rite rs  observe that "subjects appeared to experience high h e a rt-ra te s  
around 0900 hrs and 1400 hrs . Th is  occurred on 27 data-days or 60% 
of the tim e . I f  the existence of this tren d  can be v e r if ie d  by future studie 
then the p re d ic ta b ility  of h e a rt-ra te  at various tim e  periods throughout 
the day m ight be feasib le . " In  fact the present research  has confirm ed  
the existence of such a cycle, and one which peaks at s im ila r  tim es  to  
those found by Hennigan and W ortham . They also note that " lo w er  
levels of h e a rt-ra te  existed p r io r  to lunch, and near the end of the w o rk ­
day".. T h is  also is substantiated, and these-findings a re  dealt w ith  
fu lly  in  the "Discussion" chapter to this thesis .
Some in teresting w ork  on stress on m anagers in  G erm any has 
been c a rr ie d  out recen tly  during which Schacke et a l (1972) investigated  
the so -ca lled  "m anagers' disease". The research ers  used ra d io ­
te le m e try  to m onitor h e a r t-ra te  and sim ultaneously recorded the 
occupational ac tiv ities .
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continuous m eta l engineering
age group flow  processing m achining construction design
(years) line staff line staff line staff
20-30 79. 046 70. 304 78. 892 96. 944 84 .759  84 .106
30 -40 88. 498 74. 494 81 .899  106.712 70 .313  76. 232
40-50 78. 710 66.853 72. 200 79. 729 48. 267* 79. 904
50-60 85.645 76. 118 82. 988 82.260 89 .112  7 7 .024
*  Th is subject exercised  da ily  by jogging three m ile s .
A nalysis of variance - d a ily  average
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T o ta l
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m en w ith in  companies 
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6077.2522  
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5015.4625  
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396.4060  F  
238.8315 F  
12.2262  F
1. 6598 
19. 5344*
*  s ignificant d ifference
200
- 150
100
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T im e  of day (15 m in. periods)
P lo t of HR sum m aries of a single subject during a typ ica l w o rk  day, 
indi cating the highest single value of HR (one beat) and the lowest single 
value of HR during each 15 m in. period , and the average of a l l  beats 
during the 15 m in . period.
Table A. Com parison of HRs fo r various industries--{Hennigan & W ortham ),
Mean
Industry  sub. N r. M ean h e art-ra te  h e a rt-ra te  Assoc, ac tiv ity
baseline m ean during highest
________    G A M IN  fo r 8 -h rs  15-m in . period __________ ■
Engineering 20 75.839 86 D ictating specs.
construction 23 118. 658 77 .024 118 No a c tiv ity  lis ted
Design 24 39. 888 48 .267 60 Revewing drawings
12 83.239 89-112 98 U pstairs to office
7 60. 363 79. 904 87 Discuss pro ject
19 74. 801 76. 232 96 Start of day
13 101. 818 84. 759 100 No a c tiv ity  lis ted
3 84.106 95 Attending m eeting
M e ta l 8 60. 268 78. 892 104 Office w ork
m achining 6 64. 268 79. 724 89 A t liinch
2 62. 568 81.899 100 Q. C. m eeting
5 75 .204 82. 260 101 E xport prob lem
16 72. 025 82. 988 102 Test equ. prob lem
14 80. 166 96. 494 109 '•* Discuss personnel 
re tire m e n t prob.
11 86.9 5 4 106.712 149 W alking
9 60. 107 72. 200 94 Start of day
Continuous 4 64. 489 76 .118 99 R eview  of orders
flow 18 59. 761 74. 494 88 Talking
production 1 63.673 85.645 112 M orning ops. m eet.
21 55. 522 66.853 88 Revewing reports
15 67 .592 78. 710 86 D isc , w ith  boss
10 78. 211 88.498 103 Staff m eeting
17 58. 472 70. 544 95 W alking to  office
Table B 22 77 .820 79. 046 90 Coffee break
H e a rt-ra te s  associated w ith ac tiv ities  as obtained fro m  data reductions and 
subjects" d iaries .
*  Instrum ent m alfunction.
C h arac te ris tic Data HR exceeded values ofdays 90% 85% 80% 75%
E xe rc ise  daily 13 7. 69 15.38 13 .46  ' 69. 23
Jogging program m e 8 12.50 25. 00 50. 00 - 62. 50
Consider them selves
in good phys. condit icn 11 9. 09 18. 18 45. 45 63. 63
N on-sm okers 24 4. 16 8. 33 25. 00 50. 00
C igarette  smokers 10 50. 00 50. 00 80. 00 100. 00
Sm okers, other than
cigarette 11 18.18 45. 45 63. 63 100.00
Percent of days in which the daily  average HR exceeded 90, 85, 80, and 75 bpm.
Table C . Highest h e a rt-ra te s  identified , and effects of smoking on HR
The results showed peaks at the beginning and end of the day, 
w ith a plateau during the second and th ird  hours. They also found that 
the am plitude was independent of age, but m ean h e a rt-ra te  was dependent 
on age, increasing in  younger m en. Telephoning and speaking w ith  
others such as secre taries  appeared to produce peak h e a rt-ra te s .
Lacey et a l (1963) proposed that the human card iovascu lar system  
is sensitive to the attentional demands of a v a rie ty  of tasks. In  p a rtic u la r  
they found that "environm ental acceptance (E A )M, (as in  tasks req u irin g  
attention to stim ulus input) was re g u la r ly  accompanied by a b r ie f  drop  
in  h e a r t-ra te , and "environm ental re jec tio n  (E R )", (as in  thinking and 
prob lem  solving) increased the h e a r t-ra te , and that tasks req u irin g  a 
m ixtu re  of these produced no change. Lacey ’ s assessments w ere  based 
on the means of the 12 fastest beats in  one-m inute in terva ls . Th ey  
stressed the dangers in  asserting  the existence of a single continuum
f
fro m  E A  to E R .
D ahl and Spence (1971) tested th ree  d ifferent groups of subjects 
on m ental tasks of vary ing  degrees of task demand. C orre la tio n s  
between m ean h e a rt-ra te s  and task demand ratings w ere a l l  b e tte r  than
0.90^ some on the p = 0.001 significant level. These are  shown g rap h ica lly  
in  F ig u re  I I I .
It  is s ignificant that Lacey's h e a r t-ra te  change observations w ere  
described as " b r ie f  drops", and " b r ie f increases". In  the present 
research  the one-m inute averaging ob literated  such b r ie f  changes, and 
th ere fo re  these effects m a y -be discounted. The contention that h e a r t-ra te  
m ay be used as a p red ic to r of s tressfu l situations appears to have been  
established.
the keys. These are  rated fo r d iffic u lty  and plotted on the 
T ask  Demand Scale (abscissa)
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GROUP 1 
TASK bGMAft/b SCAl R
Key to T ask  Demand  
Scale 
Group 2
1. In it ia l resting
2. D ig it symbols
3. W ord lists
4. R eca ll
5. Colour id en tifica tion
6. F in a l resting
Group 3
1. 12 -m in . res t period
2. W ritin g  60 2 -d ig it nos.
3. Fast and slow addition
4. W ritin g  no. s (as in 2)
5. A ddition (as in 3)
6 . W ritin g  no. s (as in 2)
7. 2 -m in . rest period
Key to 'T a s k  v Demand Scale 
Group 3
1. In it ia l resting 8.
2. D ig it symbols 9.
3. W ord lis t 10.
4. R eca ll 11.
5. D iscrim in atin g  two lights 12.
6. Colour name reading 13.
7. Colour identification
Stroop colour-w ords
White noise on
Colour words (with noise)
Colour words (with noise), (h ard er sequ. ) 
Noise off 
F in a l resting
F ig u re  I I I : C orre lations betwean HRs and m enta l tasks of vary ing  task demand.
4 . 3 1  E m o tio n a l s tre s s
The existence of m ental stress in  the re lationship  between the 
m anagers ’ occupational and dom estic ro les has been dem onstrated in  
recent investigations by research ers  at the M ax P lankeTnstitute  
(Chapman, 1973) who have shown that h e a rt-ra te  increases when a 
telephone ca ll is received  by a m anager (occupational ro lep laying) fro m  
his home (the source of his dom estic ro le ) regard less of the content of 
such a ca ll.
G ow ler and Legge (1975) have extended this theory  to  include the 
m anager’s w ife 's  occupation and dom estic ro les . They suggest that 
certa in  assumptions are  made by husband/m anager and those who 
em ploy h im  which include the b e lie f that there  is a d ivis ion of labour 
between husbands and wives which they te rm  a ’’hidden contract” .
Influences such as h e a rt-ra te  have tra d itio n a lly  been considered
(
to be processes involved in  em otion and m otivation  by Gantt ( I9 6 0 ), and 
M alm o and B elanger (1967). In  human subjects there  is a m arked  
concomitance between card iac deceleration  and cessation of ongoing 
som atic events during the p reparation  in te rv a l of a sim ple reactio n  
test task  and in  antic ipation of an avers ive  UCS on n o n -re in fo rced  tes t 
t r ia ls  in  classic conditions (M alm o and Belanger^ 1970).
It  appears that one way an organism  can prepare  fo r  a task  is 
to stop w hatever else it is doing (i. e. by a cessation of ongoing ac tiv itie s  
as a lread y  stated) and, because of the linkage between card iac and som atic  
events, by a decrease in  h e a rt-ra te .
Subjects w ith a la rg e r  decrease in  h e a rt-ra te  tended to respond  
fa s te r to re ac tio n -tim e  tests. In one experim ent by O brist et a l (1970)
a decrease in  h e a rt-ra te  and other som atics, w ere d ire c tly  co rre la ted  
w ith reaction  tim e  as determ ined by between-subjects co rre la tio n .
A x (1953) showed through experim ents that h e a rt-ra te  decrease  
was sign ificantly  associated w ith  anger, while h e a rt-ra te  increase  
favoured the fe a r  end of the em otion spectrum .
F ro m  experim ents on public speakers, C arru th ers  (1974) 
found that anxiety stress produced h e a rt-ra te s  of 120-180 b .p .m . 
averaging 150 b .p .m . S im ila r  increases w ere detected w ith  experienced  
te lev is io n  rep o rte rs  when facing the cam eras.
F o r  n e a rly  3, 000 years , since the Ancient Egyptians held the 
view , the incidence of heart attacks have been attribu ted  to  em otional 
stress. C arru th ers  (1974) gives exam ples of e a r ly  w ritte n  accounts 
of h eart attacks. He quotes the peak of the em otional th eo ry  as 1700, 
w ith  the f ir m  beliefs of the Eng lish  surgeon, John H unter.
Recently the em otional theory  had been la rg e ly  re jected  by 
scientists who attribu te  the "disease" to such factors as eating and 
drinking habits, and h e rid ity . However the em otional theory  is kept 
alive  by m ed ica l p rac titio n ers  who have the opportunity of observing  
people at w ork , or at least, outside the labo ratory .
F ried m an  and Rosenman (1957) studying a large group of m en  
in San F rancisco  divided the sample into two types according to th e ir  
individual ch arac te ris tics . Type "A" subjects showed great com pet­
itiveness, rap id ity  of thought, and action, and tim e  consciousness.
Type "B" were the reverse  of th is . Although in other ways the sample  
was homogeneous (in  both groups smoking, eating, and drinking habits
were s im ila r ) it  was found that Type "A" subjects suffered m ore than 
six tim es the num ber of heart attacks than Type "B n subjects, and had 
higher levels of cholestero l than the Type nB" people.
R ev iva l of the em otional theory  produced an additional fac to r  
which was the po ss ib ility  of m easuring em otional stress in te rm s  of 
the hormones adrenaline and noradrenaline re leased under nervous 
stim ulation. (C arru th e rs , 1974).
The relevance of this to the present research  is the known 
connection between the release of adrenaline and increase in h e a r t-ra te .
The statistics in Table MB n show some deaths due to psycho­
som atic diseases, quoted fro m  the Office of Population Censuses 
and Surveys (1976). According to these statistics there  has not been much  
change over the five years quoted in  these illnesses , which could indicate  
that stress whihh causes these illnesses in m any cases, has not 
increased s ign ificantly , and that litt le  headway has been made to  
contain them  and the causal stress.
United Kingdom  
(figures in  thousands)
Date: 1971 1972 1973 1974 1975
Ischaem ic heart-d isease 165.3 175. 5 175.5 177. 0 177.3
O ther fo rm s of heart disease 31. 9 3 2 .6 31. 9 31. 0 3 0 .3
C erebrovascu lar disease"’'* 9 2 .4 9 4 .9 9 3 .4 9 1 .5 8 9 .3
Peptic u lcer 4 .3 4 .6 4 .6 ’4 .9 4. 7
T o ta l deaths 
(a ll illnesses)
645. 1 673. 9 66 9 .7 6 6 7 .4 66 2 .5
*  Ischaem ic heart disease: narrow ing of the a r te r ie s ,
and other m echanical blockages.
* *  C erebrovascu lar: blood supply to  the b ra in .
(Source: O ffice of Population Census and Surveys)
Table D Some deaths due to psychosom atic illnesses .
5. M E A S U R E M E N T O F H E A R T -R A T E
This Chapter provides a background to the subject of h e a r t-ra te  
m easurem ents, the factors which affect a person's h e a r t-ra te , and 
' the re lationsh ip  which exists between h e a rt-ra te  and m enta l a c tiv ities .
5. 1 H e a r t-ra te  - no rm al and abnorm al
ECG m easurem ents a re  g en era lly  used fo r in terp re tin g  the 
w aveform s to pred ic t card iac m alfunctions. How ever some of the 
term ino lo gy has been adapted fo r  use by the research ers  into stress. 
Consequently it is instructive  to consider some of these te rm s .
N o rm a l h e a rt-ra te  is considered to be fa ir ly  reg u la r under n o rm al 
conditions when stim ulated by the sinus node. However in  m ost humans 
a slight v a ria tio n  in  h e a rt-ra te  is present (Kalsbeek, 1970). The v a ria tio n  
som etim es known as sinus a rrh y th m ia  in m ed ica l c irc le s , has been  
used by some research ers  as a p red ic to r of m enta l s tress , and Section 3. 6 
of this thesis is devoted to  a rev iew  of such research .
The h e a rt-ra te  counted under basal conditions in  young healthy  
adult m ales is about 70 -72  b. p. m . according to Cam pbell et a l (1974) 
w ith  figures fo r women somewhat higher (Saunders, 1968). H ow ever 
under usual conditions the h e a rt-ra te s  of m en average about 78 and of 
women 84, the n o rm al range accepted by the A m eric an  H ea rt A ssociation  
being between 50 and 100 b .p .m . Th is  ra te  tends to fa ll as age increases  
to about 20 years , but in  adults appears not to change*.
The m ed ica l profession has set a rb it ra ry  lim its  fo r n o rm a l h e a rt-  
ra te , at 60 b .p .m . as the low er and 100 as the h igher extrem es. N e v e r­
th e le s s  it is possible fo r healthy athletes to exhibit resting pulse levels  
of 40 to 50 b .p .m . (C arru th e rs , 1962). M ed ica l a rrh y th m ia -is  present
*  fro m  discussions w ith  specialists at N orthw ick P a rk  C lin ic a l R esearch  
C entre , June 1976.
in h e a r t-ra te  below 60 b .p .m . , a condition described as sinus b radycard ia , 
and a h e a rt-ra te  above 100 as sinus tachycardia  (Ruch and Patton, 1965). 
These a rrh y th m ias , together w ith  sinus a rrh y th m ia , and sinus a rre s t  
(occasional m issed beats), a ris e  fro m  the action of the sinus node.
These values are  v e ry  much dependent on conditions, such as 
posture (s itting , standing, lying down), tim e  of day (d iurna l cycle), 
and other facto rs , described below.
5. 2 Factors  which affect h e a rt-ra te
The present research  is concerned w ith  those factors which  
effect h e a rt-ra te  changes fro m  the base -lin e  h e a r t-ra te , i. e. those 
perturbations fro m  the chronic h e a r t-ra te  changing b ase -lin e . Superim posed  
upon the resting h e a r t-ra te  a re  certa in  other effects which m ust be taken  
into account when assessing the contributions of m ental stress to the 
h e a rt-ra te  level.
5. 21 E ffects  of c ircad ian  rhythm
C ircad ian  rhythm  or d iu rna l cycle, has been found to effect a 
varia tio n  in  the m ean h e a rt-ra te  of the o rder of i  5 b .p .m . (approx. = 6. 5%) 
One experim ent described by Adams and Chiles (1961) was perfo rm ed  
on 11 m en who w ere isolated in a sim ulated space capsule fo r  15 days.
The cyclic  nature of the h e a rt-ra te  p attern  m ay be seen fro m  F ig u re IV  
The cycles w ill  be seen to peak about 18.00 to 19.30 hrs .
It  has been shown by van Loon (1963)(F igure  V.J , that body 
tem p eratu re  of day w orkers  can v a ry  by up to 0 .7 C ° over the c ircad ian  
cycle which, according to the fo rm ula  given la te r  in  this section would  
account fo r changes of 14 b .p .m . in h e a rt-ra te  between m in im u m  at about
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F ig u r e  V .
03. 30, and a m axim um  at about 19. 00 h rs . Over the working period  
(08. 00 to 17. 00) the v a ria tio n  is about 0.2 to 0 .5C °, or equivalent to  
4 to 10 b. p^m .
The cycle is approx im ate ly  sinusoidal, and this m ay be seen 
fro m  F ig u re  V I of plasm a concentration of corticostero ids fro m  data 
of R .T .  Conroy, and core tem p era tu res , a fte r  G . H ildebrandte and 
P .E n g e lb e rtz  (J974) over which appropriate sine waves have been 
superim posed by the present w r ite r . Once again the peak of the cycle 
is at about 18. 00 hrs (F igure  V II ) .
The m axim a and m in im a fo r  the cycles v a ry  w ith  the ind iv idual 
and how he is attuned to  his environm ent (his b io logical clock). Results  
of m easuring c ircad ian  rhythm  fo r a typ ic a l day on the present author 
are  given in Tab le  "E " .
It  is c le a r that any HR observations taken over a day in ev itab ly  
w ill  include a superim posed c ircad ian  rhythm  pattern  which m ust be 
p a rtia lled  out or at least taken into account when lo n g -te rm  trends or 
comparisons between indiv idual ac tiv ities  are  investigated, but w il l  
have litt le  effect on s h o rt-te rm  changes. How ever because s h o rt-te rm  
changes w ill  be superim posed on the crest of the "wave" it  is necessary  
to rem ove the "seasonal varia tio n " before comparisons m ay be made
♦
between ind iv idual a c tiv itie s . Th is  aspect is fu lly  explored in  Chapter 8 
when dealing w ith  the co rrec tio n  fac to r.
In  the present research  the extent of this c ircad ian  rhythm  effect 
was m easured on the subjects by taking resting h e a rt-ra te s  at in te rva ls  
throughout the day. The need fo r applying corrections fo r  c ircad ian  
rhythm  and other varia tions  is discussed in  Chapter 8.
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D uring the course of the research  it  became c le a r that the cyclic  
v a ria tio n , which was apparent fro m  the condensed HR records (Appendix 
7 ), . was not so le ly  a function of the c ircad ian  rhythm . In  fact the
c ircad ian  cycle was only a component of th is d a ily  rhythm , the la tte r  having 
about tw ice the frequency of the d iu rn a l or c ircad ian  cycle. I t  was 
decided, th e re fo re , not to  analyse the d a ily  cycle into its components 
fo r  the purposes of deriv ing  a co rrec tio n  fa c to r, but to  estab lish
a moving resting pu lse -lin e  based on the d a ily  rhythm  cycle.
5. 22 E ffects  of tem p era tu re  changes
H e a r t-ra te  is affected by body tem p era tu re  and observations  
on a large sample of individuals have shown that HR can be pred icted  
w ith  treasonable accuracy by the fo rm u la  fro m  B e ll et a l (1972):
(11 x  °F )  -  1018 = h e a r t-ra te  in  b .p .m .
(20 x  °C ) -  674 -= h e a r t-ra te  in  b. p. m .
w here ° F  is the tem p era tu re  of the core (o ra l tem p era tu re ) in  
Fahrenheit degrees, and °C  fo r  tem p era tu re  in  Centigrade degrees.
Th is  im plies  that HR is e x tre m e ly  succeptible to changes in  
body (core) te m p e ra tu re , r is ing  20 b .p .m . fo r  each C °  r is e .
D uring the c ircad ian  cycle body tem p era tu re  (and hence HR) 
w ill  v a ry  (F igure  V  ) by approx im ate ly  + 0. 7 C °  m axim um , fro m  
the m ean value (see the section on "C irca d ia n  rhy thm ").
E nviron m en ta l tem p era ture  w il l  not n ec essarily  s ign ifican tly  
affect the o ra l body tem p era tu re , and c e rta in ly  not in  a one-to-one
proportion . . In  o rd er that core tem p era tu re  w ill v a ry  s ign ificantly  the 
subject must undergo some trau m a tic  experience, and it is not expected 
that this would happen in the present research . However a reco rd  of 
environm ental tem peratures  was kept when it was considered that 
this was d ifferen t fro m  the expected value. Any change in  core 
tem p eratu re  would be gradual, and this should affect the moving base­
line h e a r t-ra te  which in  tu rn  w ill  au tom atica lly  be taken into account 
in the correc tio n  described in  Chapter 8.
The effects of h e a r t-ra te  va ria tio n  due to body tem p era tu re  changes 
effected by the c ircad ian  rhythm  have a lread y  been covered under that 
heading.
5. 23 Self control of h e a rt-ra te
S evera l re se a rch ers , including Engel and Chism  (1967) have 
dem onstrated that subjects are  able to control th e ir  h e a rt-ra te s  using 
binary  v isua l feedback,
F in d lay ’ s findings (1970) agreed in  essence that given c o rrec t 
feedback of h e a r t-ra te , subjects could reduce th e ir  card iac rates by a 
lim ited  amount (c. 4 b .p .m .). B re n e r et a l (1966, 1967) a rr iv e d -a t  
s im ila r  conclusions. In  the present research  subjects w ere given no 
feedback of h e a rt-ra te  readings, and under these conditions it is 
ex tre m e ly  un like ly  that se lf control could be exerted . M o reo ver the 
subjects to whom reference was made above w ere instructed to d e lib e ra te ly  
affect th e ir  card iac ra tes , whereas the m a tte r was not m entioned to  any 
subjects in  the present research . I t  was, th e re fo re , decided to discount 
this fac to r as one which could have any effect on the resu lts .
5; 24- R a te  and depth  of b re a th in g
The w ork of Glynes (I960) and Vallbone et a l (1965) showed that 
sinus a rrh y th m ia  which was apparent in v ir tu a lly  a ll  resting humans, 
was a function of breathing. W estcott and H uttenlocher (1961) and 
Engels and Chism  (1967) exam ined HR and breathing ra te , finding  
conclusively that rate  of breathing affected HR v a ria tio n  but not 
HR leve l. How ever they did not concern them selves w ith  depth of 
breathing.
Sroufe(1971) investigating both rate  and depth of breathing  
showed that depth but not rate  had a s ignificant effect of HR level.
Both breathing rate  and depth of breathing affected HR v a r ia b ility . 
Sroufe concluded that re s p ira to ry  changes are  im portant, not only  
as variab les  that m ust be controlled in experim ents using HR as the 
dependent v a riab le , but a lso as psychophysical variab les  which should 
be ac tive ly  m anipulated and explored in  th e ir  own righ t.
In  the present research  tlie concern is not w ith  HR v a r ia b ility
i. e. b ea t-to -b ea t va ria tio n , but in the lo n g -te rm  trends. Thus it  
appears that ra te  of breathing is not a s ignificant fac to r in  the 
assessm ent of m ean HR. Depth of breathing , it  would appear, is 
im portant, but fro m  observations made on subjects during the present 
research  no changes in depth of breathing w ere  observed, w ith  the 
obvious exceptions of when subjects w ere engaged in physical a c tiv ity , 
but such occasions (e. g. walking, standing) are  e ith e r e lim in ated  or 
accounted fo r in other ways.
Thus it is concluded that breathing patterns w ere  not a sign ificant 
fac to r ^affecting the present research .
5. 25 E ffe c ts  o f p o s tu ra l changes
P o s tu ra l effects on h e a rt-ra te  have been studied quite extensively  
and references to n e a rly  300 studies have been listed  by Gauer and 
T h ro n  ( T 9 7 2 ) ,  and others by M o n o d ( 1 9 6 7 ) .  These studies have been 
concerned w ith  gross changes in  posture, and it  is possible that HR  
changes are  due, to  some extent, to the perform ance of physical dynamic 
and static  w ork. When the subject is sitting or standing s t i l l  it  has been 
shown that HR tends to overestim ate ca lo rie  output. Poulson et a l ( 1 9 6 2 )  
attribu te  this to the hydrostatic  effect of the position adopted on the 
c ircu la tio n . Th is  is an effect of the weight of the "colum n" of blood, 
the height of the column increasing in  the upright position of the subject.
Jones et a l(196 l) and G ray  et al(1966) find that sm a ll changes in  
posture also had some effect on e lectrom yogram  readings of neck  
m uscles, but fro m  the E .C .G .  traces  it  was apparent that HR had been  
affected too.
A  la te r  study by Hanson and Jones(1970) sought to  tes t the 
hypothesis that sm a ll changes in  sitting or standing posture do affect 
H R . In  this investigation subjects w ere  asked to  adopt th ree  sitting and 
th ree standing postures fo r  one m inute each, w ith  90 seconds in te rva ls  
between each posture. The seated tests w ere repeated w ith  an aud ito ry  
d iscrim in atio n  task. M easurem ent was by surface electrodes on the 
chest, and HR was found by counting the num ber of beats during the 
m iddle 30 seconds of each study.
Significant d ifferences w ere found between the various postures. 
However although HRs w ere h igher when a task  was p erfo rm ed , none 
was sign ificantly  higher.
The resu lts  a re  sum m arised in  Tables^F and G. Hanson and Jones 
recom m end that when HR is being used as a dependent va riab le  sm all 
changes in  posture should be taken into account. It  w i l l  be seen that 
the d ifference between sitting and standing postures is 12 b. p. m . , i f  
it  is assumed that people adopt the m ost com fortable posture in  m ost 
cases. The resu lts  are  confirm ed by studies c a rr ie d  out by the present 
w r ite r  (Table E ). , In  the present research  it  was decided to  assess  
each subject separate ly , and make the appropriate  adjustments to  
allow  fo r posture.
5. 26 R ecovery  pulse
A  fu rth e r  fac to r which does affect HR levels in  any one m inute  
sampled is the reco very  pulse, which is the lev e l of HR in  beats p e r  
m inute at any tim e  during the period  a fte r  a person is experiencing  
high HR leve l above his basic HR due to  having p erfo rm ed  some 
ac tiv ity . R ecovery  pulse has been defined by K arra sc h  and M u lle r  
(1951) as the to ta l num ber of beats fro m  the end of the w o rk  to  the end 
of the reco very  period.
U nfortunately  this is an indeterm inate  va lue, because the  
curve is asym ptotic as shown in  th e ir  own d iagram  (F ig u re  \l l \ \ ) ,  and 
the "end of the reco very  period" is , th e re fo re , v e ry  d ifficu lt to  define.
In  the present research  an analogy has been made w ith  rad ioactive  
decay, taking 80% life  as the c r ite r io n , and assuming this to  be when  
the pulse rate  has v ir tu a lly  re tu rned  to n o rm al. It  was only necessary  
to do this in excessive cases, such as when the subject was engaged in  
heavy physical w ork , or taxing m ental w ork.
F ro m  the d iag ram  produced by K a rra s c h  and M u lle r  it  w ill  
be seen that w ith  physical w ork  at a leve l of 5 m . kg /sec . the reco very  
to w ith in  20% of resting pulse is only about five  m inutes. U nfortunately  
no data a re  availab le  fo r m enta l w ork  or s tress , but it  m ay be assumed  
that the reco ve ry  rate  w il l  be fa s te r because the physical functions 
such as resynthesis of adenosine triphosphate in  the m uscles, and 
s im ila r  chem ical reactions are  not so much in  evidence w ith  m enta l 
w ork. F u rth e rm o re  the pulse rate  increases above the b ase-lin e  
usually  a re  not of this m agnitude.
F ro m  this it  has been assum ed, fo r  the purposes of this  
research , that the reco very  period  fo r  m enta l w ork  is v e ry  short.
The reco ve ry  fro m  the effects of physical w ork  has been recognised  
in  the resu lts , and allow ed fo r by ignoring the readings subsequent 
to  high physical w o rk  fo r  up to  th ree  or four m inutes. In  m ost cases 
the exponential fa ll  in HR m ay be seen quite c le a r ly  on the record ing  
charts fo r  each indiv idual, so it  is not d ifficu lt to e lim inate  these fro m  
the next set of readings fo r  m enta l w ork.
w ith o u t ta s k w ith  ta s k
m ean std. dev. mean std. dev.
S ittin g  p o s tu re s
m ost com fortable  
best
greatest height 
leaning fo rw ard  "A" 
leaning fo rw ard  11B" 
Standing postures 
most com fortable  
best
greatest height
7 2 .9  
80. 0 
76. 8 
66. 0 
65. 7
85. 0 
85. 7 
8 7 .6
7 .5
8 .7
8 .4  
6. 8 
6. 0
8 .9
11.6
9 .4
75. 2
79. 2
80. 9
10. 8 
9 .0  
10. 7
Table F. H eart rates fo r  the various postures (n = 11)
Sitting t
without task
most com fortable versus best 3. 85 0. 01
most com fortable vs greatest height 1 .56
best vs greatest height 1. 54
w ith task
m ost com fortable vs best 3. 01 0. 05
m ost com fortable vs greatest height 3 .3 2  0. 01
best vs greatest height 1.01
with task vs without task
m ost com fortable 1. 27
best 0 .47
greatest height 2. 14
Standing
m ost com fortable vs best 0 .48
most com fortable vs greatest height 1. 04
best vs greatest height 0. 76
Sitting vs standing
m ost com fortable 7. 76 0. 001
best 3 .3 6  0. 01
greatest height 4 .6 4  o. 001
Table  G . Significance of H . R . d ifferences; com parison of selected m eans.
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5 .3  H e a r t - r a t e  and e n e rg y  output
The heart and pulse rate  methods are subject to se vera l e r ro rs .
In  certa in  cases p rin c ip a lly  when the arm s are  being used w hile  the 
subject is sitting or standing s t il l ,  pulse rates tend to overestim ate  
ca lo ric  output (Gauer and Th ro n , 1969). Paulsen et a l (1962) a ttribu te  
this to the hydrostatic  effect of the position adopted on the c ircu la tio n , 
and th is  has a lread y  been discussed in the previous section of th is Chapte: 
The influence of static w ork  causing an overestim ation  has 
been investigated by s e vera l research ers  such as Sharkey et a l (1962) 
and Hanson and Maggio (I960 ) who quoted e rro rs  in extrem e cases of 
static  w ork, of up to 30 per cent.
O ther researchers  have found inconsistencies when attem pting to  
use h e a rt-ra te  as a p red ic to r of energy expenditure. D atta and R am ana- 
than (1969), attem pting to discover a fo rm u la  fo r predicting energy  
expenditure fro m  h e a rt-ra te  which could be applied u n iv ers a lly , could 
find no c o rre la tio n  between e ith er peak h e a rt-ra te  or in cre m en ta l h e a r t-  
rate and energy cost. E x tre m e ly  high co rre la tio n  was present when ; 
deriv ing indiv idual form ulae to suit ind iv idual subjects. Th is tends to  
l im it the usefulness of h e a rt-ra te  as a genera l p re d ic to r. JLundgren 
(1946), M a lh o tra  et a l (1963), and Sharkey et a l (1966) have a l l  found 
• it  necessary to use separate equations fo r  each indiv idual subject.
In  the present research  energy output, or m ore c o rre c tly  the 
effects of physical w ork , have been taken into account in  the analyses, 
and the methods fo r accommodating these effects have been described  
in  various parts of this thesis , p r in c ip a lly  in  Section 8. 2.
5.. 4_____C o n c lu s io n s
Although a rb it ra ry  lim its  fo r "norm al" h e a rt-ra te  have been 
suggested as 60 to 100 b. p. m . , it  is not possible to state one value fo r  
any average person, because this depends upon so m any other facto rs . 
F u rth e rm o re  the genera l application of a m ean h e a rt-ra te  fo r  a l l  subjects 
would im m ed ia te ly  introduce an appreciable e r ro r  which m ay even be 
g re a te r than the h e a r t-ra te  changes them selves. Thus it  was decided 
to use ind iv idual base h e a r t-ra te  levels fo r each subject fo r this research .
The factors which affect the so -ca lled  "norm al" h e a r t-ra te  w ere  
lis ted  in Section 5 .2  of this Chapter. The c ircad ian  (d iurnal) rhythm  
m ust be taken into account. F ro m  the ind iv idual moving average graphs 
(Appendix 9), and fro m  the raw  data graphs (Appendix 8) it  is c lea r  
that there  are  other cyclic  variations  which cause the b as e -lin e  h e a r t-ra te  
to  m ove. The c ircad ian  rhythm  is a component of this v a ria tio n , but is 
not e as ily  separated fro m  the other rhythm s. F u rth e rm o re  it  is question­
able that there  is any m e r it  in  separating the components anyway. The  
m ain  objective is to estab lish  a moving base -lin e  fo r h e a r t-ra te  which  
m ust contain a l l  components and rdiythms. Such a b ase -lin e  is m ore  
eas ily  established fro m  v isu a l inspection of the indiv idual ra w -d a ta  graphs 
than by attem pting to analyse the w a v e -fo rm , only to in tegrate  the com pon­
ents again subsequently.
A dd itiona lly , an accurate assessment of c ircad ian  rhythm  is v ir tu a lly  
im possib le  to m ake, because of inherent and ex tern a l facto rs  which m ight 
be affecting the subject. The fact of ac tu a lly  taking period ic  readings  
throughout the day to establish c ircad ian  rhythm  w il l  influence the m enta l 
state of the subject. W hile readings are  being made he w i l l  p robab ly  be
conscious of the tes ts , or w o rry in g  about the w o rk  he should be doing, 
thus adding to his s tress , and not re flecting  a tru e  resting state.
As a consequence of this it  was decided to  make due allowance  
fo r the o vera ll moving b ase-lin e  when assessing h e a r t-ra te  increases  
rather-‘ than to take into account the c ircad ian  rhythm  in  iso lation . The 
procedures fo r applying these corrections are  explained in  Chapter 8.
H e a r t-ra te  levels are  affected by body core tem p e ra tu re . A p art 
fro m  abnorm al circum stances such as illn es s , the body tem p era tu re  
appears to change w ith  the c ircad ian  cycle, and, th e re fo re  is a lread y  
accpunted fo r in  the co rrec tio n  to this rhythm .
H e a r t-ra te  m ay be controlled by some subjects in  c e rta in  cases, 
but none of the subjects tested appeared to be aware' of th is fa c ility  when 
it  was discussed subsequently, and because they w ere not consciously  
w illin g  to v a ry  th e ir  h e a rt-ra te s  even i f  they w ere able it  was decided  
to discount this p a rtic u la r  fac to r.
S im ila r ly  it  was decided that rate  and depth of breathing was a 
s h o rt-te rm  fac to r resu lting  in  acute changes in  h e a r t-ra te  ra th e r  than  
chronic changes, and again, was not considered to have any s ign ificant 
effect on the m in u te-b y-m in u te  resu lts .
P osture , how ever, was considered to  be of im portance, having  
a significant effect on h e a r t-ra te  leve ls . The two m ain  postures observed  
on the subjects w ere standing and s itting . A ppropriate  allowances w ere  
made to  rem ove the effects of increased h e a r t-ra te  w hile the subjects  
w ere standing. T h is , again, is described in  Chapter 8 .
The other im portant allowance was made fo r  re co very  pulse,
corrections being made on the m inu te-average  h e a rt-ra te  values which  
im m ed ia te ly  follow ed a period  of physical energy expenditure. Th is  is 
described in Section 5..26,
In  the case of physical w ork , it  was decided that no allowance  
could be made in  the absence of a second, independent method fo r  
assessing the magnitude of the h e a rt-ra te  component occasioned by 
physical e ffo rt. O ther possible methods w ere discussed in Chapter 4 , but 
these have a lread y  been discounted fo r various reasons given in  this  
account. The magnitudes could have been estim ated but this was 
considered to be too subjective and un re liab le . Consequently it was 
decided to  e lim inate  a ltogether recordings made during periods of 
physical energy expenditure.
6. T E L E M E T R Y  A N D  O T H E R  E L E C T R O N IC  R E C O R D IN G  S Y S T E M S
Th is  chapter describes and analyses some of the techniques and systems 
availab le  fo r  collecting and storing h e a rt-b e a t outputs fo r subsequent 
analysis.
6. 1 E a r ly  research
The f ir s t  recorded use of te le m e try  fo r the tran sm iss io n  of 
physiological data such as e lec tro card iag ram s ( E .C .G . )  and e le c tro ­
encephalogram s ( E .E .G . )  was by H o lte r (1949). Behan (1958) described  
the advantages of this fo rm  of detection fo r  E .C .G .  in  1958. M any  
research ers  have concentrated on m easurem ent of h e a r t-ra te , and 
m uch w ork has been ca rrie d  out by B e lle t during the 1960!s (1961, 1965, 
1967).
T e le m e try  has been alm ost exc lus ive ly  confined to  the m onitoring  
of heart beats, but occasionally it has found application in  other fie ld s , 
including the m easuring of in te rc ra n ia l p ressu re  (Atkinson et a l {1967) 
Watson et a l (1967)), and in tertes tin a l pH (Watson, 1966).
6. 2 P roblem s encountered
Much experience has been accum ulated in  the use of electrodes  
and transducers . The methods re ly  on the detection of the tin y  e le c t­
r ic a l potentials generated by the m uscu lar a c tiv ity . IWhen any type  
of m uscle  is activated (including the card iac  m uscle), a positive charge 
appears at a given position on the m uscle and creeps across it. Th is  
polaris ing  wave is follow ed by a s im ila r  wave which depolarises or 
neutra lises the potentials. These e le c tr ic a l disturbances m ay be
detected by electrodes which have been suitably placed on the 
surface of the skin, or inserted  into the m uscle. In  the present 
re search  the fo rm e r method has been used exclusively . P otentia l 
differences are  then applied, through suitable a m p lifie rs  and other 
analysing c ircu its  to a prin tout device.
M odern equipment gives litt le  trouble  but occasionally  some 
d ifficu lties  a re  encountered. Resistance between skin and electrode  
m ust be m in im ised  so that the potentia l differences:.generated by;the 
card iac m uscle a re  c le a rly  detected. T o  satis fy  this requ irem en t 
it  is essentia l that the ep iderm ic  lay e r be rem oved by an abrasive  
cleaner such as pum m ice-stone or carborundum -tipped ro ta ry  
stylus. In tim ate  connection is achieved by the use of a special 
electrode je l ly  which m ust reduce contact and in terface  resistance  
to below lO K A (s e e  section 6. 6).
The card iac m uscle is situated in  the chest and surrounded  
by a mass of other m uscles which them selves produce p o laris ing  
and depolaris ing potentia ls. Consequently the positioning of the 
electrodes poses d iffic u lties , and usually  a com prom ise m ust be 
reached which optim ises the output detected, but m in im ises  the 
in terfe ren ce  fro m  other m uscle a c tiv ity . Th is  is discussed la te r  
in  this chapter.
Another p re req u is ite  is the absence of electrode m ovem ent 
by the use of effective adhesives. Specia lly  designed discs which  
are  coated w ith adhesive m a te r ia l on both sides have been found
to be m ost e ffective . A lte rn a tiv e ly  disposable electrodes are  available  
as se lf-conta ined units, being adhesive and carry ing  a m easured amount 
of e lectrode je lly . F o r  m edical use electrodes are  strapped to  the 
chest, but this has been found to be ineffective fo r use w ith m obile , 
am bulatory  subjects such as m anagers carry in g  out th e ir  usual 
functions.
S ilv e r  fo il electrodes have been tr ie d  (B oter, e.t a l, 1969) and other 
methods including painted electrodes described by Roman(l96.5) and 
Lewe's m ultipo in t electrodes ( I967).
D iffic u ltie s  m ay be encountered w ith  te le m e try  systems which  
are  subject to in terference fro m  outside sources. The allocated  
frequency fo r  m ed ica l te le m etry  m ust be w ith in  one of two frequency  
bands in  the United Kingdom, and these a re  102. 2 -  102. 35, and 
102. 36 -  102. 39 M H z . These bands a re  ra th e r n arrow  and som etim es  
this m ay m ean that in terference fro m  neighbouring systems m ay be 
present. U sually  tran sm itte rs  are  lo w -pow er, having a lim ited  range 
of the o rd er of 1 km , and in  practice  the prob lem  is not a re a l one. 
However in  the hospital fie ld  care has to  be taken that equipment is used 
outside the range of other s im ila r  apparatus in  the hospital. Th is  is 
im portant not only to p reserve the quality  of the w ave-fo rm s of the 
tran sm itted  signal and the s ign al-to -no ise  ra tio , but also to obviate 
any in terfe ren ce  w ith  hospital equipment.
T o  the tim e of w riting  there  has been no in ternational agreem ent 
on te le m e try  frequencies fo r m ed ica l purposes.
6. 3 O th e r  d e ve lo p m e n ts  in  t e le m e t r y
In  hospitals, and in  research  w ith an im als , it  is som etim es  
necessary to im plant e lectrodes w ith in  the body. One d ifficu lty  
often experienced is the r is k  of infection around the em erging w ires . 
W ith  am bulent patients th e ir  m ovements m ay also cause some 
troubles. Ko and S la ter (1970) have described a method of using 
m icro m in ia tu re  tra n s m itte rs  capable of tran sm ittin g  through the 
skin, being to ta lly  im planted w ith  no em ergent w ires . The device 
was developed at Case Institu te  of Technology. A  d iffe ren t system , 
based on the same concept, has been developed by the R oyal College  
of Surgeons (Kavenagh, 1967).
F o r  both systems co m m erc ia lly  availab le  rece ive rs  m ay be 
used, but the m ain  problem  w ith them  is the power supply fo r the 
m icro m in ia tu re  tra n s m itte rs .
F o r  m onitoring in te rn a l functions of the body special rad io  
p ills  m ay be em ployed, known as the endoradiosonde (som etim es the 
H eid e lb erg er capsule).
The capsules have been used to  m onitor b lood-flow , m ovem ent 
of in testines, and in te r c ran ia l p ressures. Notable in the fie ld  
are  the works of Watson (1966), Lange and N o e lle r  (1963), Nagumo  
(1965), and Atkinson et a l (1967).
6., 4 Use of t^pe;recorders, .for dafa collection
A  m ost convenient way of collecting data fro m  physio logical 
p aram eters  of s tra in  is by the use of m in ia tu re  tape re co rd ers . Some 
of the m ost obvious advantages are:
(i) equipment is usually  compact and unobtrusive
(ii)  equipm ent is not prone to  extraneous unwanted in terfe ren ce
( ii i)  there  are  no res tric tio n s  on the movements of subjects
Tw o m ain  methods are  c u rren tly  availab le  fo r  record ing  by  
tape equipment.
6, 41 Analogue reco rd ers
Th is  type of machine records the actual w a v e -fo rm  shape, 
which on rep lay  reproduces the QRS com plex alm ost exactly. A nalys is  
is effected by m easuring the distances (in  elapsed tim e) between  
successive "R" peaks to produce e ith e r instantaneous h e a r t-ra te  s 
in b e a ts -p e r-m in u te , or m ean h e a rt-ra te  values over defined periods. 
A lte rn a tiv e ly  the m ean h e a rt-ra te  m ay be found by tim in g  the audible  
beats over a period .
The m ethod of m easuring in terpeak differences is expensive  
in recording paper and v e ry  tim e consuming. How ever the d ire c t-  
reading ECG module affords the fa c ility  of au tom atica lly  plotting the 
h e a rt-ra te .
A  disadvantage is the re la tiv e ly  short running tim e  of tape.
The spec ia lly  developed m edical ECG m onitoring reco rd ers  run at 
an exceptionally  slow speed, giving about 12 hours continuous record ing .
6 , 42  C oded re c o r d e r s
A  superior type of re co rd er samples the beats system atica lly  
at p redeterm ined  periods (say 1 m in .). The standard 15 m in. P h ilip  
dictating-m achine cassette is used in  this re co rd er, developed by 
the N orthw ick P a rk  M ed ica l R esearch  C entre , H arro w . The slow  
speed and sampling fa c ility  allows 24 hours of continuous recording  
to.be made on th is m in ia tu re  cassette.
The signals a re  coded and w ill  not reproduce the QRS w ave­
fo rm , but produce a coded signal which can only be decoded on 
sp ecia lly  designed equipment. The resu lt is a continuous trace  
Of m ean h e a rt-ra te  values recorded on a pen or u ltra -v io le t  re p ro ­
ducer.
A  useful fa c ility  is the provis ion  of four channels which  
allows the simultaneous record ing of th ree  physio logical param eters  
including h e a rt-ra te , such as oxygen consumption, body tem p era tu re  
a n d /o r skin resistance. F u rth e rm o re  the sampling periods a re  - 
e x tre m e ly  accu ra te ly  m easured, which allows the synchronising of 
the tape record ing and the w ritte n  observation to w ith in  v e ry  close 
lim its .
The operation of the coded re co rd er is described in  d e ta il 
in  a la te r  section of this chapter.
6. 5 P re req u is ites  fo r a system  fo r the present research
In  the present research  the author considered that the system  
selected needed to satis fy  certa in  c r ite r ia  and requ irem en ts , nam ely:
1. The equipment m ust be unobtrusive and have m in im a l effect 
on the physical and psychological perform ance of the subject.
2. It  m ust be ligh t-w eight and portab le , and suitable fo r am bulatory  
subjects. T e le m e tr ic  equipment is portab le , but has a lim ited  range 
and not suitable fo r subjects who are  req u ired  to w alk  long distances.
3. It  m ust be re lia b le , and not vu lnerable  to ex tern a l in terfe ren ce  
because such intrusions would confound the resu lt.
4. It  m ust be capable of producing a perm anent, un interrupted  
reco rd  of h e a rt-ra te  over a v e ry  long period  (m in im um  of h a lf of a 
working day) so that subsequent analyses could be m ade, and during data 
collection it would not be necessary to in te rru p t the subject too often.
5. It  should be able to  sample system atica lly , at p redeterm ined  
rate to reduce the volume of data p er m inute which m ust be analysed . 
subsequently. The in terva ls  between samples m ust be contro lled  to  
w ith in  close to lerances.
6. The equipment should be capable of analysing m uch of the data 
its e lf  to  reduce the amount of analyses and calculations to be p erfo rm ed  
on "raw " data.
The systems so fa r  described in  this chapter a ll  suffer fro m  
defic iencies, but of these systems the SATR Data Logging R eco rd er 
was the one eventually selected, as th is satisfied  a ll  of the requ irem en ts .
The equipment consists of a feeder module weighing 240 g 
which converts the h e a r t-ra te  output into signals acceptable to the 
re co rd er (see P late  1). The module receives the ECG signal fro m  
the tw o .p reco rd ia l e lectrodes (see Section 6. 6) and the predom inent 
component of the QRS com plex - the R -w ave - is detected and 
counted. The module produces an output which is p roportiona l to the 
m ean h e a rt-ra te . The output is equivalent to a moving average: the 
curren t beats being the m ost significant in  the m ean, w ith e a r l ie r  beats 
becoming less significant as others a re  received.
The module has a preset lin e a r range of 0 -  200 b .p .m . fro m  
zero  to  fu ll output. The accuracy of the fu ll output fo r  a constant 
input of 200 b .p .m . is + 2%. Th is  accuracy is m ainta ined over a 
tem p era tu re  range of 10° to  40°C .
An autom atic gain control system  enables beats to be counted 
in  spite of variations  in  the am plitude of the ECG signal.
The reco rd er has, in  fact, th ree  input channels which w ill  
accept signals fro m  h e a rt-ra te  record ings, and those fro m  two other 
p aram eters . It  is fitted  w ith  an in te rn a l clock to  provide sam pling  
pulses, at a fixed predeterm ined  rate  of one m inute in te rva ls . I f  
requ ired , a ll  th ree channels m ay be sampled sim ultaneously.
The analogue input voltage is converted to a t ra in  of pulses 
which a re  w ritte n  on to m agnetic tape stored in  a P h ilips  15-m in . 
cassette. The tape moves only while sam pling is taking place (about
85 a
6 m m  of tape at the 1 m in . in te rv a l), and this allows 27 hours of data 
to be recorded in the cassette.
The in te rv a l accuracy is + 0. 2 secs.
The input signal is -reco rd ed  onto the tape in  the fo rm  of 
pulses generated by a square-w ave pulse generator. The num ber 
of pulses is p roportiona l to the num ber of heart-b eats  in  one m inute.
The re c o rd e r is separated into three m ain  e le c tr ic a l c ircu its
(i) acceptance and storage of data
(ii) the tim ing  m echanism
(ii i)  the d ig itiz ing  of the data into pulses and recording of 
these onto the tape.
The sequence of operations is described in  the follow ing  
account.
1. .The .e le c tr ic a l card iac im pulses are  detected by the chest 
electrodes and fed to the a m p lif ie r  which causes a storage capacitor 
to charge. Each h eart-b ea t tr ig g ers  the c irc u it, passing a fixed  
charge to the capacitor which consequently sums the num ber of 
beats. The voltage across the capacitor is passed to the com parator 
(see F ig u re  DC).
2. The watch m ovem ent operates at 1 -m in . in te rv a ls , t r ig g e r ­
ing a bistable c irc u it. Th is  in tu rn  causes a switch to com plete the 
c irc u it thereby powering the m ain  reco rd er c irc u its . The m otor
is accelerated  and its speed is s tab ilized  by a negative resistance  
c irc u it.
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3. The signal fro m  the capacitor is fed into the com parator 
as a reference voltage. When the watch m ovem ent tr ig g ers  the 
c irc u it, the square-w ave o sc illa to r drives a sta ircase generator 
providing a tra in  of pulses to the recording head. A t the instant 
the sta ircase voltage reaches the reference voltage the gating 
c irc u it closes, allowing no m ore pulses to pass. Thus the num ber 
of pulses corresponding to the num ber of heart-beats  is recorded  
on the tape (see F ig u re  XI).
4. T h ree  tracks  are  availab le  on the tape fo r  the simultaneous 
recording of th ree  d ifferen t p a ram eters . The fourth  tra c k  is used 
to reset the sta ircase generator, and other c irc u its . When the 
pulse count reaches 120 ( i .e .  the sta ircase reaches the 'top ')
the o sc illa to r switches off, and the sta ircase disappears ready  
fo r the next count.
5. On rep lay  the pulse tra in s  fro m  the tape, suitably a m p lif ie d  
are  fed to sta ircase D /A  (d ig ita l/an alog ) converters fo r the analogue 
outputs, and to BCD (b inary  coded decim al) counter chains fo r  the 
d ig ita l outputs. R eplay m ay take place continuously or in te rm itt ­
ently  as determ ined by the device which the rep lay  m achine is to  
d riv e , such as punched paper tape, d ig ita l counter, or s im ila r  
display.
xndNf 5-L"w/\
6. 6 P r e p a r a t io n
P rep ara tio n  of the skin should satis fy  two requirem ents: 
e le c tr ic a l resistance between electrodes . . less than 10 k.ohm
voltage output fro m  the heart . . . . g re a te r than 1 m V
These values w ere proposed by D r . Heinz Woolfe and D r . G oldsm ith (1975) 
working w ith  SA M I equipment at the N orthw ick P a rk  R esearch C entre . They  
found exp erim en ta lly  that resistances g re a te r than 10k.ohm decreased the 
sign al-to -no ise  ra tio  and in terfe ren ce  fro m  static  e le c tr ic ity  was in to le rab le . 
The values m ay be achieved by care fu l p rep aratio n  of the skin and c o rrec t 
placem ent of the e lectrodes, according to the follow ing procedure:
1. The skin over an a rea  of 5 cm d iam eter is cleaned w ith  an 
im pregnated swab (pre-packed, disposable, by G ille tte  Ltd).
2. A  good e le c tr ic a l contact is obtained by rem oving the outer 
la y e r of skin. I t  is only necessary to make a puncture of about 1 m m  
d iam eter, and this is id ea lly  effected by using a b a tte ry  operated ro ta ry  
s k in -b u rr , such as the P ifco . This apparatus is powered by one 1.5V  
b a tte ry , and uses standard "H i d in diamond b u rrs . The puncture is 
made in  the centre of the 5 cm cleaned a rea .
3. A  disposable electrode (G en-Pad type 1010, N .D .M . C orporation  
Dayton, Ohio or s im ila r ) is f irm ly  attached to the skin by its s e lf-  
adhesive in teg ra l pad, a fte r  which the electrode cable is attached.
4. C o rrec t positioning of the p re c o rd ia l electrodes is v e ry  im po rtan t 
to  ensure adequate voltage input. Th is m ay be achieved using the 
patent "Sam i E lectrode Test Set", or by the m ore subjective method
of using an earp iece to m onitor the am plitude of the h e a rt-b ea ts . The  
optimum  position fo r  adequate h e art-b eat am plitude, consistent w ith  
low in terferen ce  fro m  other chest m uscles m ay be found by searching  
w ith a suction electrode before the disposable electrodes are  attached.
In  the present research  the Sam i equipment was not ava ilab le , but 
nevertheless, satis fac to ry  resu lts  w ere obtained by the other m eans.
Although the m axim um  JR-wave is detected across the 
diagonal of the h eart, the signals are  confounded by chest m uscle  
potentials. It  is , th e re fo re , advantageous to accept a reduced voltage  
input in  exchange fo r  an im proved s ign al-to -no ise  ra tio .
The m ost acceptable com prom ise is found by positioning the 
electrodes as shown in  F ig u re  XL.
The negative electrode is placed at the sternum , by the 
fourth  in terco s ta l space. The positive electrode is in  the fifth  
in terco sta l space in  the a n te rio r a u x ilia ry  line , corresponding to  
the V 5 position of ECG convention. , •
£  iectfodz
The positioning of an electrode at "A " instead of at "B" could give 
r ise  t'o e le c tr ic a l in terferen ce  fro m  m uscle a c tiv ity  other than that 
fro m  the card iac m uscle, although "A ” would produce the la rg e r  
"R"-w ave response.
F ig u re  X I . : Positioning of electrodes to avoid or reduce m uscle "noise".
7. 1 O u tlin e  o f th e  m e th o d o lo g y
The research  was c a rr ie d  out in  the fie ld  of hospital catering  
m anagement and confined to catering m anagers and d is tr ic t catering  
m anagers. The function of the subjects was m a in ly  superv isory  and 
concerned w ith the day -to -d ay  control of the catering function, w ith  
some lo n g -te rm  planning such as ordering new equipm ent, or fix ing  
the new menu p rices .
None of the subjects ac tua lly  perform ed any m anual w ork, such 
as cooking or associated tasks, although subject 15 did operate the t i l l  
fo r a short period , and served a few custom ers during the lunch break.
T h irtee n  subjects w ere studied, but in one case a m alfunction  
of the m onitoring equipment .occurred when the subject accidenta lly  
severed the lead to the tape re co rd er, producing in te rm itten t re c o rd ­
ings. Tw elve usable sets of results w ere ava ilab le , th e re fo re , fo r  
analysis.
The ages of the subjects ranged fro m  23 to 47 years , but 
predom inently they w ere under 35. The h istogram  of F ig u re  X I I  
shows the d istribution  of ages. A ll  w ere in v e ry  good health , both long 
te rm , and on the day of the study.
- The sample was taken fro m  ten d iffe ren t hospitals. In  two cases 
two subjects w ere availab le  at the same hospital, but held posts at 
d ifferen t levels . The geographical locations of the hospitals a re  shown 
in  F igure  X I I I ,  and these ranged fro m  Luton and Dunstable in  the N o rth  
to Hove G enera l in the South. A  lis t of the partic ipating  hospitals and 
subjects is given in Appendix 1. P erso nal details of individuals a re  
provided in Appendix 2.
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7. 2 C o lle c t io n  of da ta
7. 21 In it ia l approach
The in it ia l approach to a subject was made by le tte r  to the 
operations m anager of the hospital or d is tr ic t concerned. In  the case 
of the S. E . Region the approach was to the Regional C atering O ffice r  
who was ex tre m e ly  helpful and ra ised  the m a tte r  at a reg ional board  
m eeting at which she was able to en list the aid of four volunteers to 
act as subjects. A l l  of these in it ia l contacts w ere sent details of the 
pro ject (see Appendix 3).
A fte r  perm ission  had been obtained to approach the subjects 
d ire c tly , each one was telephoned and arrangem ents made to v is it  them  
to discuss details of the research . Som etimes this was in the presence  
of th e ir  superiors .
D uring the in it ia l in terv iew s the research  was explained to the 
subjects and they w ere given the opportunity to ask questions. A  demon 
stration  of the equipment was given to a llow  the subjects to become 
fa m ilia r  w ith  the various parts of the apparatus.
7 . 22 The study
Subjects w ere asked to m eet the research er some ten m inutes  
before th e ir  usual starting tim es . The p ro ject was discussed in  an 
in fo rm a l way to put the subject at ease. It  was pointed out that the 
observer was to be ignored and would be happily engaged doing his own 
w ork  so as not to d is trac t the subject. C le a rly  a subject would be v e ry  
self-conscious of an observer looking at h im  fo r m ost of the t im e , and 
also would be concerned about boring h im . Some subjects even went to  
the extent of try in g  to apologise when v e ry  litt le  a c tiv ity  was in  evidence
However in no instance did the subject adm it to  being em barrassed; in  
fact a ll said that they w ere not d istracted  in the least, and it  was quite 
evident fro m  the behaviour of subjects that this was indeed the case.
The electrodes w ere then positioned, using the procedure  
described in  Section 6. 6. The subject was asked to sit and re la x , 
during which tim e  the research er chatted, plying seem ingly innocent 
questions about the subject's journey, health, and so on in  order to  
complete the "On the day" data sheet-at a la te r  tim e .(see  Appendix 4).
A fte r testing the apparatus using the earp iece the postural tests w ere  
perform ed. The subject was to ld  that the equipment was dorm ant at 
this tim e and the rec o rd er placed on a table in fu ll v iew  of the subject. 
Although the research er was chatting soc ia lly  w ith  the subject, in fact 
he was taking the resting h e a rt-ra te  using the earp iece. The m inute  
h e a rt-ra te  was taken over three or four m inutes and recorded on a fo rm .
The subject was then asked to stand and at the end of a 1^ - m inute p erio d  
the HR over 60 seconds was duly counted and recorded. The object of 
making these observations was to  estab lish (i) the in it ia l resting  pulse,
(ii) the correc tio n  fac to r fo r the postura l effect of standing.
The m onitoring equipment was then switched on and the exact starting  
tim e noted. The subject was now fre e  to continue w ith  his n o rm a l routine. 
t A  special observation sheet was used by the research er fo r  re c o rd ­
ing a synchronous log of the ac tiv ities  being c a rr ie d  out (Appendix 5).
To allow  a m ore detailed analysis of the effects of telephone calls  a note 
was made of the orig ination of the ca ll. A  fu rth e r observation was made 
each tim e  of the posture adopted so that subsequent co rrec tio n  could be
effected.
T im es  of changes in  ac tiv ities  w ere recorded to the nearest 
qu arter of a m inute. The observer accompanied the subject d isc re te ly  
and during the periods between recordings sat in a position not facing  
the subject, and continued w ith  his p riva te  w ork. As noted e a r l ie r ,  this  
ploy appears to have been successful in  obviating feelings of e m b a rra s s ­
m ent.
The re se a rch er did not comment at a l l  nor jo in  in w ith  discussions 
unless invited to do so. O ccasionally  subjects would " chat id ly" to the 
ob server, and subsequently these periods would be used to estab lish  the 
moving b ase-lin e  fo r rest pulse. The observer was allowed to attend a ll  
m eetings and a ll  in te rv iew s , including those w ith operatives and new  
applicants fo r jobs.
A t the end of the study the equipment was switched off, and the 
exact fin ishing tim e  noted. The electrodes w ere rem oved, and the 
subject was thanked, and prom ised copies of th e ir  own ind iv idual p r in t­
outs, and other s ta tis tic a l calculations which m ay in teres t them .
%. 23 Questionnaires
In order to provide a background p ro file  to the lo n g -te rm  and 
psychological state of each subject, a ll  w ere asked to complete a quest­
ionnaire (Appendix 6 ) which was separated into four sections:
1. Job s a tis fac tio n . Th is section was included to estab lish  the
subject's satisfaction w ith  his present position.
2. Role c o n flic t . Any conflict of loya lty  or ro le  w il l  unsettle the
subject and perhaps cause ex tra  s tra in .
3. Role a m b ig u ity . A gain, i f  the subject is not c lear about his
resp o n s ib ilities , ex tra  s tra in  m ay resu lt, w ith  consequent exaggeration  
in  h e a rt-ra te  varia tio n s .
4. Job re la ted  tension index. Tension in the subject m ay be assessed
by determ ining how w o rrie d  the subject m ay be about certa in  aspects of 
his job.
They w ere also provided w ith  a general questionnaire (Appendix 6) 
which would be used to test the re lationsh ip  between stress levels and 
previous m an ag eria l tra in in g  and experience.
The four factors selected fo r  the questionnaire w ere the accepted  
fac to rs , as outlined in  section 4 . 21.
8 . C O R R E C TIO N  FA C TO R S
The m ain  factors which affect h e a rt-ra te  w ere discussed in  
Chapter 5*. These included those which are  caused by s tressfu l situations, 
and others which could confound any results fro m  which it is desired to  
draw  conclusions about stress. The effects which in te rfe re  w ith  the 
factors being investigated m ust, th e re fo re , be neutra lised  or e lim inated  
altogether. The present Chapter is concerned w ith  such correc tio n  
fac to rs .
8 . 1 C r it ic is m  of existing methods
The factors * which affect HR include both long- and s h o rt-te rm  
effects. F ro m  an analysis of the lo n g -te rm  effects it is c le a r that 
there are  fallacies in  assuming a constant base-lin e  HR throughout the 
day.
Most of the published lite ra tu re  describing research  and other 
investigations m ay be c ritic is e d  fo r  fa ilin g  to take into account such 
variations over the day, thereby exposing the. resu lts  to  significant 
e rro rs . Because the resting pulse depends on such facto rs  as the tim e  
of day it was taken, the actual day on which it was taken ( if  th is w ere  
different fro m  the study day), and the posture adopted by the subject 
at the tim e , it is m eaningless to speak of a "res ting  pulse" in g enera l 
te rm s , or as though it w ere a fixed , constant, value. Hennigan and 
W ortham (1975) based a ll  of th e ir  findings on such a resting  pulse. 
F u rth e rm o re  they m easured resting pulses when th e ir  subjects w ere  
doing a G A M IN  test, when sure ly , they must have been under some s tra in . 
The present research  has shown some sort of co rrec tio n  to be necessary.
8. 2 S e p a ra tio n  of th e  p h y s ic a l and m e n ta l com ponents
A  com plicated w aveform  m ay be analysed into its component parts  
by F o u r ie r  A nalysis . U nfortunately such a process is only of in te res t 
i f  the components can be identified  and causes assigned to them .
B as ica lly  it should be possible to iden tify  foure m ain components 
of h e a rt-ra te  as (i) the base H . R. , ( ii)  that due to physical w ork  load,
( ii i)  that due to m ental w ork  load, and (iv) any other superim posed long­
te rm  varia tio n s . I f  the components be additive then the m ental p a rt m ay  
be separated fro m  the physical component by subtracting the la tte r  fro m  
the to ta l H . R . How ever (i) it  must be shown that sub-components of these 
parts a re  not antagonistic nor overlapping, as fo r exam ple, i f  physical 
w ork accompanies environm ental acceptance (see Lacey et a l, Section 4.3) 
and (ii)  an additional method must be found fo r evaluating the physical 
component.
In  o rder to determ ine the extent of the physical p art of the H. R . 
increase it is necessary to m easure this by employing a physio log ical 
p aram eter which does not respond to m ental s tra in . One such m easure  
to a ce rta in  extent is oxygen uptake. Using this second p a ra m e te r it  is 
necessary to m onitor both H . R. and oxygen consumption sim ultaneously.
In  practice  this m ay not be feasib le  fo r two reasons:
(i) the equipment is bulky, or at least uncom fortable to w ear during  
no rm al w orking periods,
(ii) the psychological effects of w earing a breathing m ask would affect 
the m ental component of the H. R. to an unacceptable degree, and thus 
invalidate the resu lts .
F o r  these reasons it is necessary to establish the h e a rt-ra te  due 
to the physical component separate ly  fro m  the m ain  study. The two m a jo r  
physical ac tiv ities  encountered w ere standing and walking (on fla t surfaces, 
re s tric te d , and up or down s ta irs ). Only v e ry  ra re ly  was physical w ork  
observed during the studies. The h e a rt-ra te  would v a ry  w ith  both pace 
of walking and e ffo rt exerted , and the assessm ent of th is would req u ire  
some fo rm  of subjective rating to be c a rr ie d  out by the observer, and such 
an assessm ent would be subject to large unknown e rro rs . W ith  a static  
posture such as "standing" the h e a rt-ra te  would be reasonably constant, 
consistent w ith  the tim e  of day (c ircad ian  rhythm  effects).
Thus it was decided to  om it readings taken w hile subjects w ere  
w alking, but to make a due allowance fo r the subject standing s till .
8. 3 P o s tu ra l d ifferences
It was decided to make indiv idual corrections fo r standing, fo r  
each subject separately . In  o rder to  evaluate the magnitude of the 
correctio n  it was necessary to  m easure h e a rt-ra te  of subjects both s ittin g  
and standing, and this was achieved as explained in section 7.22. Hanson 
and Jones (1970) suggest that the tim e  which m ust elapse between  
changes in posture fo r the h e a rt-ra te -to  accommodate the hydrostatic  
s tra in  of the new posture is about 90 seconds.
The h e a rt-ra te  was taken over one m inute w ith  the subject sitting  
in a com fortable position fo r working. He was then asked to stand, and 
about two m inutes la te r the h e a rt-ra te  was m easured over one m inute.
The d ifference between the m inute h e a rt-ra te  w hile sitting and that standing 
was the correctio n  facto r to be deducted fro m  the standing h e a r t-ra te .
8 ..4 -  E s ta b lis h in g  a b a s e - l in e
One m a jo r prob lem  was to obtain values fo r the H . R . increases  
above the base -lin e  values. D iffe re n t subjects exhibited indiv idual d ifferences  
in m ean and base H .R . s. Com parisons of increases in H . R . a re  only 
valid  i f  increases above the base-lin es  are  taken, and not absolute values.
Two methods fo r assessing_' the base -lin e  are  apparent.
1. A  b ase-lin e  m ay be established on readings of H .R . taken at the 
beginning of the study and assumed to be constant throughout the day.
2. A  moving b ase-lin e  which follow s n atu ra l variations of H . R . such as 
the c ircad ian  cycle.
The f ir s t  a lte rn a tive  m ay not be va lid  and m ay give r ise  to exaggerated  
indications of stress because the perturbations m ay be superim posed on 
a ris ing  or fa lling  b ase -lin e . I f  the changes in  base-lin e  a re  due to the 
effects of stress then a lte rn a tive  ( 1) is quite va lid , but i£ a lte rn a tiv e  (2) 
be the case then due allowance must be made fo r this va ria tio n .
In  the studies the base-lin e  was determ ined by taking the lowest
H .R . values observed during the day when these w ere consistent w ith  the 
subjects re laxing  in some way, such as soc ia lly  chatting to colleagues, or 
at breaks. The general shape of the base -lin e  is extracted  fro m  the 
condensed chart recordings (Appendix 7 ) and suitably smoothed.
Although H.R.s; of subjects w ere  checked frequently  during the day 
by using an ea r-p ie ce  plugged into the m onitoring apparatus, g rea t care  
was taken before using such readings fo r b a s e -ra te  because of the "Hawthorne  
effec t" , the psychological effects on the subject of the action of m aking the 
checks. Th is externa l m onitoring was instituted m a in ly  fo r  two reasons:
(i) to obtain data on postura l changes (i. e. standing versus sitting pulses)
(ii) to check, subsequently, the accuracy of the tape recordings.
As a lread y  explained in  section 5. 4 it  was decided not to attem pt 
to separate c ircad ian  rhythm  effects fro m  the o v e ra ll b ase -lin e  movem ent 
because this would serve no useful purpose. F u rth e rm o re , because of 
other in teracting  factors which m ight confound the resu lts , an accurate  
assessm ent of this effect is v ir tu a lly  im possible to m ake.
The corrections w ere made by deriv ing a chart fro m  the smoothed 
b ase-lin e  curve, or in  some cases it  was possible to estab lish  a fo rm u la  
based upon the curve of best f it  such as the sine-w ave. It  was decided that 
any lo n g -te rm  changes would be slow and smooth, and continuous xrather 
than discontinuous curves. The sine-w ave was one log ica l curve-shape in  
view  of the severa l n a tu ra l changes which are  sinusoidal including the 
diurna l cycle. The approxim ation was found to be good in m ost cases 
when cross.-r-checked w ith  the moving average graphs.
The follow ing is a description of the process of establishing a 
table of correc tio n  facto rs .
The method is based on the determ ination  of a moving b a se -lin e  
h e a rt-ra te  whose value at any point m ay be used as the amount to  deduct 
fro m  the observed h e a rt-ra te  to obtain the pertu rbation , excess, or 
res idual value which should correspond to the amount of ex tra  h e a r t-ra te  
caused by the stress experienced. The concept is shown g rap h ica lly  in  
F ig u re  X IV .
1. The condensed recording graphs w ere used as bases fo r the construct­
ion of the smoothed moving b ase -lin e . The position was established by
<D+JP
•H
1 3 .0 0
tim e  of day
F igure  X IV . C alculation of the corrected  increase (residual) h e a rt- rate  fro m  
the moving base-lin e  as opposed to the m in im um  b ase -lin e  (86)
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F ig u re  X IV (a ) : D iagram  to illu s tra te  the establishm ent of a moving b ase -lin e  
which follows a sine-wave varia tion .
locating the lowest points on the condensed recording graph, identifying  
the ac tiv ities  being perform ed at those tim es* and using those where  
"re s t"  or equivalently  relaxing ac tiv ities  w ere being undertaken as 
coordinates fo r  fixing the b ase-lin e  (F ig u re .X IV ). A  smooth curve was 
used to jo in  these points to fo rm  the b ase -lin e .
2. On the condensed graph the d ifference between the lowest and highest 
point(s) was found. U sually  it  was found necessary to separate the graph  
into two p arts , there being two high points, in the m orning and in the 
afternoon respective ly . The tim es of day when these m axim a and m in im a  
occurred w ere  also noted. A  correctio n  table was constructed by reading  
off fro m  the graph's b a se -lin e t the b ase-lin e  values at various tim es of 
the day (see F ig u re -X V ). These values, when subtracted fro m  the H .R . s 
observed at that tim e produced the residuals or ex tra  H .R . due to the 
stress experienced. The differences between the lowest H .R . value and 
the base -lin e  at any point gave the second correctio n  fac to r which could
be used to rem ove the "seasonal varia tio n s" fro m  the observed h e a rt-ra te s .
To  illu s tra te  th is , using F ig u re  X IV a s  an exam ple, the m in im um
H .R . value is 86 b. p. m . , and the m axim um  is 96. A t 12. 15, say, the 
base-lin e  value is 91 b. p. m . The two correc tio n  factors fo r  this tim e  of 
day are  th e re fo re  91 and 5 (or 91 — 86) resp ective ly . The observed H .R .  
is 98 b. p. m . th ere fo re  the residual is 98 -  91, or 7 b. p. m . , and the 
"seasonally  adjusted" or corrected  H . R . is 9 8 -  5, or 93 b. p. m.
3. W here a sine-w ave is assumed the corrections m ay be obtained fro m  
tables of sines. The procedure, using F ig u re X IV ;(a ) to i l lu s t r a te , is  as 
follows:
C o rrec tio n  facto r fo r  Subject 24
Highs at 10 .50  and 14.45 (+90°). M id -po in ts  (0°) at 10. 05, 11 .35 , 
13 .3 2 , and 15.48 . Lows at 0 9 .2 0 , 12 .20 , and 16.50  (—90°)
ioCo ^4*
units to  . _ units
/ deduct . sine degrees tim e  to deduct sme degrees tim e  
^correction)__________________________________ __
0 - 1 . 0 0 0 9 0 0 9 .  2 0 2 - 0 . 7 7 7 5 1 1 2 .  5 1
1 - 0 .  8 3 4 56} 0 9 .  3 7 3 - 0 .  6 6 6 4 2 1 2 .  5 9
2 - 0 . 6 6 7 4 2 0 9 . 4 4 .4 - 0 . 5 5 5 3 4 1 3 .  0 5
3 - 0 .  5 0 0 3 0 0 9 . 5 0 5 - 0 .  4 4 4 26} 1 3 .  1 1
4 - 0 .  3 3 3 1 9  i 0 9 . 5 5 6 - 0 . 3 3 3 19} 1 3 .  1 7
5 - 0 .  1 6 6 ; 9 } 10140 7 - 0 .  2 2 2 1 3 1 3 .  2 2
6 0 .  0 0 0 0 1 0 .  0 5 8
r—( 
l—tr—1 .
o1 * i 1 3 .  2 7
7 0 .  1 6 6 9 } 1 0 .  1 0 9 0 0 0 0 1 3 . 3 2
8 0 .  3 3 3 1 9 i 1 0 .  1 5 1 0 0 .  Ill * i 1 3 . 3 7
9 0 . 5 0 0 3 0 1 0 .  2 0 1 1 0 .  2 2 2 13 1 3 . 4 2
1 0 0 .  6 6 7 4 2 1 0 .  2 6 1 2 0 . 3 3 3 I 9 i 1 3 . 4 7
1 1 0 .  8 3 4 56} 1 0 .  3 3 1 3 0 .  4 4 4 26} 1 3 .  5 3
1 2 1 .  0 0 0 9 0 1 0 .  5 0 1 4 0 .  5 5 5 3 4 1 3 .  5 9
1 1 0 .  8 3 4 56} 1 1 .  0 7 1 5 0 .  6 6 6 4 2 1 4 .  0 5
1 0 0 .  6 6 7 4 2 1 1 .  1 4 1 6 0 .  7 7 7 5 1 1 4 .  1 3
9 0 .  5 0 0 3 0 1 1 .  2 0 1 7 0 .  8 8 8 6 3 1 4 .  2 2
8 0 .  3 3 3 19i 1 1 .  2 5 C  1 8 1 .  0 0 0 9 0 1 4 .  4 5
7 0 .  1 6 6 9 } 1 1 .  3 0 1 9 0 .  8 0 0 5 3 1 5 .  1 1
6 0 .  0 0 0 0 1 1 .  3 5 1 6 0 .  6 0 0 3 7 1 5 .  2 2
5 - 0 .  1 6 6 9 i 1 1 .  4 0 1 5 0 . 4 0 0 23} 1 5 .  3 2
4 - 0 .  3 3 3 I 9 i 1 1 . 4 5 1 4 0 .  2 0 0 n i 1 5 . 4 0
3 - 0 .  5 0 0 3 0 1 1 .  5 0 1 3 0 .  0 0 0 0 1 5 . 4 8
2 - 0 .  6 6 7 4 2 1 1 .  5 6 1 2 - 0 .  2 0 0 n i 1 5 . 5 6
1 - 0 .  8 3 4 56} 1 2 .  0 3 1 1 - 0 . 4 0 0 23} 1 6 .  0 4
0
oooi-H1 9 0 1 2 .  2 0 1 0 - 0 .  6 0 0 37 1 6 .  1 5
1 - 0 .  8 8 8 6 3 1 2 .  4 2 9 - 0 .  8 0 0 • 5 3 1 6 .  2 5
8 - 1 .  0 0 0 9 0 1 6 .  5 0
9 9 - 0 .  8 0 0 5 3 1 7 .  1 5
1 0 - 0 . 6 0 0 , 3 7 1 7 .  2 6
Notes: Point A  s tart of correction: 90° = 45 m inutes
thus 2°  = 1 m inute
B s tart of correction: 9 0 ° = 72 m inutes
thus 1° = 0. 85 m inute
C s tart of correction: 9 0 ° = 63 m inutes
thus 1° = 0. 70 m inute
F ig u re  X V . A n exam ple of the calculation of a correc tio n  fa c to r.
The tim es at the m in im um  H .R . (T j )  and m axim um  H .R . (T ^ ) represent
o o T 3 ~ T i
270 and 90 resp ective ly , so each degree of angle = ,   m in . of1 oU
tim e. A t the tim e the angle is 0° so the rise  in  H .R . fro m  T £  to 
represents 1 on the sine table . In the example this r ise  is 5 b. p. m . 
so one b. p. m . is equal to 0.2 on the sine table. The angles corresponding  
to sines of 0 .2 , 0 .4, 0.6, and 0.8 are extracted fro m  sine tab les , and
t 3 -  T i
these angles tran sfo rm ed  into tim es by m ultip ly ing them  by — — 
and adding to T]_. An example of a complete correction  table is given  
in  F igure  X V . The corrections were applied as before.
8. 5 A  correc tio n  fac to r using m ultip le  regression  analysis
An exam ple m odel fo r a correction  facto r was developed using 
m ultip le  regression  analysis on some values fro m  Subject 12. This  
method yielded a m odel w ith an index of determ ination of 0.78 (coefficient 
of c o rre la tio n  0.883 w ith  30 degrees of freedom ) which is reasonably  
re liab le  fo r use over long periods. In  common w ith  other, s im ila r ,  
formulae generated fo r general use, the one derived in  th is case showed 
that in  individual cases the f it  m ay be subject to quite large e rro rs  of 
up to 12% which renders the m odel unsuitable fo r indiv idual H .R . readings 
but v e ry  re liab le  when such readings are grouped and averaged, as is 
usually the case. The m ean difference fo r a ll readings is only 0.005 
or 0. 0002%, which is negligible.
In  the application of the m odel it  is f irs t  necessary to effect a 
tran sfo rm  of tim e of day to angular m easure fo r the v a riab le  X ^ , as 
described in  the last section. The data fed into the com puter, fo r  which a 
standard m ultip le  regression package program  was used, w ere:
= subject sitting (0 = no, , 1 = yes)
X^ = subject standing (0 = no, 1 = yes)
X^ = subject walking (0 = no, 1 = yes)
X^.=  c ircad ian  correc tio n , tran sfo rm ed  into sines of the curve
The results gave a regress ion  m odel of the fo rm :
stress h e a rt-ra te  = (h e a rt-ra te  recorded) — (98. 14 — 11.88 X^ —
2.75X  + 15.97X + 1 .3 7 X J  2 3 4'
Th is section and description of the use of m u ltip le  regress ion  analysis  
was included in  this thesis to show how such a m odel could be developed  
fo r use by future research ers  who w ish to effect corrections to  
observed h e a rt-ra te s . U nfortunately it was devised too late fo r  use 
in the present research .
9. A N A LYSIS  O F D A T A
9 . 1 D iscussion of calculated results
Th is  section is concerned w ith  the various recoxdings and graphica l 
presentations included in  this thesis.
9... 11 Ind iv idual h e a r t-ra te  recordings
The m ethod of record ing h e a rt-ra te  fo r  the purpose of this  
research  was described in Chapter 6>. The tap e-reco rd in g s  w ere  read  
by a special tape-reproducing  m achine, which produced a pen recording  
of the m in u te-b y-m in u te  h e a r t-ra te .
The log of the ac tiv ities  of subjects, which was kept during each 
study was used to id en tify  the tim e  of the s ta rt of the record ing to which  
a tim e -s c a le  was then added. The details of the a c tiv itie s  w ere  then  
tra n s fe rre d  fro m  the log to the indiv idual recording to coincide w ith  the 
tim e scale as appropriate .
It  was now possible to ex trac t fro m  the recording a l l  H .R .  values  
concerned w ith  th e ir  a c tiv itie s , and collate these under th e ir  respective  
a c tiv ity  headings fo r  purposes of analysis.
These recordings a re  shown in Appendix 8.
9 .  12 Ind iv idual condensed H .R . recordings
A  v a ria tio n  of the indiv idual H .R . record ing is the “ condensed" 
vers ion . When analysing the recordings it  was necessary to estab lish  a 
base-lin e  fro m  which to m easure the ex tra  H .R . s due to stress (see 
section 8 . 4). D iffic u lty  was experienced in estim ating the smooth base­
line on such a long record ing as the indiv idual H .R . plots. Thus it  was 
decided to  condense the independent variab le  (tim e) scale, but m ain ta in
the dependent v a riab le  (H .R . level) scale. Th is  would fa c ilita te  the 
estim ating of the base -lin e  by giving the trac e  a m ore "so lid" appearance. 
The condensing of the recording was achieved by slowing the p e n -re c o rd e r  
to its^lowest speed. The resu lts  a re  shown in Appendix 7.
9* 13. Moving average graphs
In o rd er to  observe the m ean v a ria tio n  of H . R. over the working  
day the data fro m  each subject w ere  analysed and moving averages  
calculated fro m  the readings.
1. The moving averages w ere calculated on 29 m inute periods, each  
tim e  dropping the f ir s t  reading and taking on the next one. The resu lting  
means w ere plotted on a graph using the clock tim e  corresponding to
the m iddle (15th) reading of the 29 readings as the plots. These h a lf-  
hour periods w ere of suffic ient duration to e ffec tive ly  smooth the sm all 
varia tions  but not gross enough to com pletely e lim inate  the o v e ra ll 
varia tio n  (see F ig u re  XVJ.'and'Appendix 9).
2. In  m aking the calculations H . R .s obtained w hile the subject was 
w alking w ere ignored and e lim inated  fro m  the calculations. In  v e ry  
few instances was w alking tim e  excessive except fo r  Subject 15 who 
w alked to a neighbouring hospital and- back.
3. Values w ere  adjusted fo r  standing-pulses before being included
in  the calculations. The correc tio n  was obtained by the method described  
in  section 8. 3.
4. Indiv idual graphs w ere superim posed to com pare g en era l outlines 
so that common patterns could be identified . Absolute scales w ere  
ignored fo r th is purpose because the indiv idual graphs peak at d iffe ren t
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tim es of day, and h e a rt-ra te  levels v a ry  fro m  subject to subject. Howeve 
re la tive  scales w ere the same fo r each graph to  fa c ilita te  com parison.
The graphs w ere positioned u n til the best o v e ra ll f it  was obtained 
(F igures X V Il(a ), and (b) ).
The indiv idual graphs bore re m a rk ab ly  close resem blance to  
one another. It  was not possible to obtain s ign ificantly  good fits  fo r  
a ll graphs when they w ere superim posed, but by observation there  
appeared to be good fits  when the ten subjects' graphs w ere separated  
into two categories, form ing two distinct patterns. The rem ain ing two  
subjects' moving average graphs could not be identified  in  te rm s  of 
the two general patterns as fa r  as the present w r ite r  could judge.
The im plications of the above graphs are  discussed in  the 
follow ing chapter.
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9. 2 S ta t is t ic a l  a n a ly s e s
Data w ere analysed in d ifferen t ways to investigate the various  
aspects of h e a r t-ra te  va ria tio n  and the perturbations which a re  apparent 
fro m  the indiv idual h e a rt-ra te  traces .
W here possible data w ere quantified, and where these w ere not 
a lread y  in  n u m erica l te rm s , such as the subjective rep lies  to the 
questionnaire, a code was devised to score the responses to the questions.
The analyses perfo rm ed  w ere as follows:
1. (a) G raph ical displays using histogram s and line graphs to illu s tra te  
the sim ple n u m erica l data. These are  to be found in various parts  of 
the thesis.
(b) Moving average graphs indicate the chronic h e a r t-ra te  and general 
trends over the day.
(c) Superim posed m oving-average graphs w ere com piled to com pare  
d aily  h e a rt-ra te  trends fo r the d ifferen t subjects.
(d) The recorded m in u te -h e a rt-ra te s  w ere reproduced as ind iv idual 
h e a rt-ra te  traces  fo r each of the subjects taking part.
(e) Com pressed m in u te -h e a rt-ra te  traces  w ere produced so that the 
moving base h e a rt-ra te  levels could be m ore c le a rly  defined and iden tified .
2. In te r  correlations  between subjects fo r the m ain , common, a c tiv ities  
w ere  calculated to investigate the existence of ac tiv ities  which w ere  equally
s tressfu l to a ll  or most subjects (Appendices 14 and 15).
3. Tests of s ignificance, based on Student's " t"  test w ere p erfo rm ed  
on severa l sets of data including:
(a) a test on each a c tiv ity  fo r each indiv idual to estab lish  those which  
w ere s ign ificantly  h igher than the m ean, moving base h e a rt-ra te  (Appendix 10),
(b) tests between individual ac tiv ities  fo r  individual subjects to  
assess which ac tiv ities  w ere m ore and which less s tressfu l than others 
to the subjects concerned, using variance ra tio  ("F " ) tests , and where  
these w ere sign ificant, the Student's "t" test to test the significance  
of d ifference of m ean h e a rt-ra te s  fo r ac tiv ities  (Appendix 10).
4. Analyses of means versus standard deviations in ranked o rder  
of subjects' h e a rt-ra te  res iduals  (Appendix 15a). A lso  analyses of 
means versus standard deviations in  ranked order of a c tiv ity  stress  
(Appendix 15b).
5. C o rre la tio n  was tested between subjects' m ean res id u a l h e a rt- 
rates and th e ir  responses to the questions posed during the, survey, 
using Spearm an's, and also the P earson ian  co rre la tio n  coefficient 
tests (Appendices 17 and 17a.and b)
6. In te rc o rre la tio n s  between the questionnaire responses and 
ac tiv ities .
9. 3 A n a ly s e s  of c o r r e la t io n  te s ts
This section investigates the relationships between the various  
p aram eters  and subjects. A ll  analyses are  given here , even though 
some m ay be correlations which are  not sign ificant, to show the extent 
of the investigation and to provide a rigorous analysis.
9. 31 E xam ination  of the personal factors
Some personal details of subjects w ere tested fo r  c o rre la tio n  
w ith  s tra in  in  te rm s  of h e a rt-ra te  p a ra m e te rs , using Spearm an's  
ranking coefficient of co rre la tio n .
When ranked in  ascending o rder of age (Appendix 12a) subjects 
somewhat su rp ris in g ly  showed no significant co rre la tio n  w ith e ith e r  
observed m ean h e a rt-ra te  or res idual h e a r t-ra te , ne ith er was a c o rre la tio n  
evident between age and standard deviation of the o v e ra ll h e a rt-ra te s .
The re la tiv e  rankings of d is tr ic t catering m anagers (D CM ) w ere  
extracted  fro m  the tables and in sum m ary are:
A . Rankings of DCM s (i) m ean corrected  HR: 1, 2, 7, and 9
(ii) res idual HR: 1, 4, 6, and 10
( ii i)  standard dev. HR: 1, 2, 3, and 9
Th ree  of the d is tr ic t catering m anagers dem onstrated the
three lowest values of h e a rt-ra te  v a r ia b ility  (standard deviation) of 
the twelve subjects.
B. Rankings of the four women:
(i) m ean corrected  HR: 5, T> 8, and 10
(ii) res idual HR: 1, 4, 6, and 10
( ii i)  standard deviation: 1, 4, 8, and 9
9. 32  C o r r e la t io n  o f m e an s  and s ta n d a rd  d e v ia tio n s  fo r  a c t iv i t ie s
A table of ranked corre lations  was com piled to com pare the 
means and standard deviations fo r the subjects undertaking the various  
ac tiv itie s . The rankings are  shown in  Appendix 15(a).
The purpose of the test was to exam ine the effects of a c tiv ity  
stress on the v a r ia b ility  of the m in u te-b y-m in u te  h e a rt-ra te  (which is  
not in  any way connected w ith  the so -ca lled  "sinus a rrh y th m ia" ). Only  
the five  ac tiv ities  common to m ore than four subjects w ere used fo r  
th is  test.
The residual h e a r t-ra te  was taken as the standard m easure  
of stress effects in  each case, and th e re fo re , the test used was a rank  
co rre la tio n  between th is ranking and that fo r standard deviation which  
is the m easure of v a ria b ility . The resu lts  showed reasonable c o rre la tio n  
in  most cases, being:
t = 2.31C le r ic a l r  = 0.80
Telephoning  
externa l out r  = 0.65
externa l in  
in te rn a l out 
discussions 
o v era ll
r  = 0.83 
r  = 0.85 
r  = 0.38  
r  = 0.86
=  1.90 
= 3.49  
= 3.80  
= 0.84  
= 3.98
significant (p<0. 01)
not significant 
significant (p<0.05) 
significant (p<0 .05) 
not significant 
significant (p^0. 05)
A  second method of analysing the data was to take the ranking  
of ac tiv ities  by each subject in turn. The previous analysis was made 
by taking the ranking of subjects' h e a rt-ra te s  fo r each a c tiv ity  in  tu rn . 
The complete analysis is shown in  Appendix 15(b). F ro m  this it  w i l l  be
seen that five  of the tw elve subjects showed significant correlations  
between means and standard deviations fo r each ac tiv ity . Again  
Spearm an's rank co rre la tio n , and Student's "t"  test w ere applied. 
T h e ir  resu lts  in sum m ary w ere:
Subject 14 r  = 0.87 significant (p < 0.02)
v Subject 17 r  = 0.90 significant (p < 0.05)
Subject 18 r  = 0. 89 significant (p < 0 .01 )
Subject 21 r  = 0.90 significant (p < 0.02)
Subject 23 r  = 0.85 significant (p < 0.02)
9 .3 3  M e a n s  -  su b jec ts  v e rs u s  a c t iv it ie s
The next p art of the investigation sought to  test the co rre la tio n  
between subjects and a c tiv itie s , to  determ ine whether or not the same 
activ ities  produced s im ila r  feelings of s tra in  in  the d ifferent subjects. 
This could be tested by ranking the ac tiv ities  in  order of h e a rt-ra te  
residuals .
Once again the four ac tiv ities  most common to a l l  subjects w ere  
selected. The ac tiv ities  w ere ranked in  order of standard deviation as 
w e ll as res idual h e a rt-ra te s . In te r  cor relations were calculated using 
Spearm an's coefficient. The lowest residuals and lowest standard  
deviations w ere allocated rank 1 in  each case. W here subjects had only 
partic ipated  in three  ac tiv ities  in te r cor re lations were only perfo rm ed  
w ith  those other subjects whose fourth  rankings corresponded w ith  the 
m issing ac tiv ity .
The analysis fo r res idual h e a r t-ra te  is given in Appendix 18, 
and is sum m arised below:
out of 52 in terco rre la tio n s : 8 showed significant inverse corre lations
9 showed significant positive corre lations  
4 showed 'c le r ic a l1 in 3rd . or 4th. place 
of which 3 w ere women (75%).
p
8 showed 'discussion' in  35rd . or 4th.
place (1 woman, or 12-|%).
6 showed 'telephoning, ext. ' in  3rd . or 
4th. place (2 women, or 33-j%).
4 showed 'telephoning, int. ' in  3rd . 
or 4th. place (1 woman, or 25%).
A superior method of testing this o vera ll re lationship was made 
using Kendall's  C oeffic ient of Concordance. This method assesses the 
degree of agreem ent between a ll  subjects' rankings of the four 
a c tiv ities . I f  a ll  subjects had ranked the same ac tiv ity  lowest (i. e. a ll  
" Is " )  the sum would have been 12, and if  they had ranked the same 
activ ity  second lowest (i. e. a l l  n2s") the sum would have been 24, and 
s im ila r ly , 36 fo r a l l  in  th ird  p lace, and 48 fo r a ll  in fourth  place. On 
the other hand i f  in perfect disagreem ent a l l  values would give approx­
im ate ly  equal sums, and indeed equal to th e ir  mean. Thus zero  
indicates d isagreem ent, and +1 indicates perfect agreem ent. In  fact 
the calculations m ay be s im p lified  by summing the squares of the 
observed deviations of the sums fro m  th e ir  m ean, and re fe rr in g  this  
to a table (Appendix 19). The calculations are given in Appendix 14,
The reason fo r om itting subjects 15 and 22 was that they experienced  
only three of the four ac tiv ities  listed.
The com parable calculations of in terco rre la tio n s  fo r  the 
standard deviations again produced a m ixed result: the analysis is 
given in Appendix 18(a), w ith a sum m ary below:
of 54 in ter cor relations: 10 showed significant inverse corre la tions
10 showed significant positive ^correlations  
1 showed 'c le r ic a l' in 3rd. or 4th. place  
(no women)
8 showed 'discussion' in 3rd . or 4th.
place (3 women, or 37^%)
6 showed 'telephoning, ex terna l' in  3rd .
or 4th. place (2 women, or 33f% )
7 showed "telephoning, in te rn a l” in 3rd. 
or 4th. place (2 women, or 29%)
Th ere  is reasonably good f it  between the in te rco rre la tio n s  of 
residuals and standard deviations, as a lread y  found by other means 
(com pare section 9. 32). Th ere  are four women subjects, equal to  33y% 
which is proportional to that re flected  in  the results of the standard  
deviation co rre la tio n s , and in  two of the residuals . Women predom inated  
in the stress caused by c le r ic a l w ork , but w ere s ign ificantly  few er in  
"discussion” stress.
Again K endall’ s C oeffic ient of Concordance was ap p lied  (Appendix 
15) w ith  a resu lt s im ila r  to  that fo r concordance of means.
On a s tra igh tfo rw ard  analysis of a ll ac tiv ities  and subjects' 
responses to them  (Appendix 13) only in  th ree  cases w ere h e a r t-ra te  
residuals not s ignificant. In  some cases the h e a rt-ra te  increases  
w ere e x trem e ly  la rg e , as indicated by the high "t"  values; the m ost . 
noticeable being subject 13, and subject 20, ! ’discus sing w ith  colleagues" 
and subject 22, "d riv in g ". These high values are  due, in  two cases 
to v e ry  low standard deviations. Subject 21 recorded some v e ry  high  
m ean h e a rt-ra te  rises (Appendix 12) fo r telephoning, but the "t"  
values are- re la tiv e ly  low because of the large standard deviations.
W ith  increases of the order of 27 b .p .m . , and a standard deviation  
of 13.15, ind ividual m inute average h e a rt-ra te s  could atta in  increases
of 53 b .p .m . (w ith 95% confidence). Subject 20 on telephoning could 
reach 24 + 20.6 b .p .m . increase or 24 + 31 b .p .m . (on the 95% and 
99-8% confidence levels resp ective ly ), which on a base rate  of 86 b .p .m . 
fo r this subject indicates peak rises of 131, and even 141 b .p .m . on 
the 1 - in - 1000 p ro b ab ility  level. Should these levels be attained, they  
would reach the "h igh ly  stressfu l" region as defined by the author. 
Increases of this o rd er w ere not observed during the actual study, and . . 
th is is not unexpected when the num ber of observed telephone calls  
nowhere approached the order of 1000 ca ll-m in u tes .
Although it  was found that the distributions of h e a r t-ra te  values  
fo r any given task  was skewed to  the righ t, and typ ica l of the beta  
distribu tion  expected of any service ac tiv ity , those obtained during  
th is research  w ere su ffic ien tly  "n o rm a lly  d istributed" to  use the 
s ta tis tica l theory  employed above. I f  anything, because of any r ig h t-  
hand skew the values quoted above could be s ligh tly  underestim ated.
9. 4 Q u e s tio n n a ire
The questionnaire to which reference was made in Section 6. 23 
was given to each subject to obtain some in form ation about the attitudes  
of subjects in the long te rm . Such factors as w ere included in  the 
questionnaire could condition the ways subjects reacted to stressfu l 
situations and th e ir  perceptions of stress.
Several questionnaires published in  current lite ra tu re  were  
studied, but w ere considered to be unsuitable fo r the present research . 
The questions designed fo r the purpose of this research  w ere based 
on the factors described in Section 7. 23, using the categories of Job 
Satisfaction, Role A m biguity, Role C onflict, and Job Related Tension  
Index.
The scoring method was ca re fu lly  considered, and weighted  
according to the present author's concept of re la tive  im portance. In  
some cases a p a rtic u la r response to a question could be closely linked  
w ith the response to another question, and care was taken to avoid  
duplication of scoring. In other cases linkage was necessary and 
allowed fo r.
9. 41 E v a lu a t io n  of the  q u e s tio n n a ire s
The value of any questionnaire c le a rly  depends on the re lia b ility  
of the respondents' rep lies  to the questions. In  this investigation every  
e ffo rt was made to parsuade the respondents to complete this question­
n a ire  as accu ra te ly  as possib le ,w ith  the assurance of p reserva tio n  of 
anonymity.
The scores, based on the responses of subjects to the questions 
are  tabulated in Appendix 16. The questions in these tabulations are  
abridged, the complete versions being given in the specim en questionnaire  
in  Appendix 6.
The scores w ere tested in various ways, using the Spearm an  
ranking coefficient of co rre la tio n . As a cross-check a sample was 
tested using the Pearson ian coeffic ient, but this m e re ly  confirm ed  
the v a lid ity  of using the ranking method here.
The scores fo r  each subject are  sum m arised in Appendix 17, 
and rankings have been applied. Using these rankings it  was possible  
to evaluate c o rre la tio n  coefficients fo r (i) residual (stress) h e a rt-ra te s  
fo r ac tiv ities  versus the four categories, (ii)  the standard deviations fo r  
h e a rt-ra te s  fo r ac tiv ities  versus the four categories.
The method of scoring m ay be in te rp re tte d  as follows: 
job satisfaction: low score indicates job satisfaction;
high score means m ore d issatis faction  
role conflict: low score indicates low conflict
ro le  am biguity: low score indicates low am biguity
job re la ted  tension index: low score indicates litt le  tension in the job.
Because the res id u a l h e a rt-ra te s  and the standard deviations
w ere ranked in  ascending o rd er of increase, a positive c o rre la tio n  :: 
indicates that perceived stress fo r any a c tiv ity  increases w ith  increasing  
job d issatisfaction, or ro le  conflic t, or ro le  am biguity, or job re la ted  
tension re s p e c tiv e ly .
The calculations of co rre la tio n  coefficients are given in  Appendix  
17(a). The correlations fo r ro le  conflict, ro le  am biguity, and job  
satisfaction are  not sign ificant, Job re la ted  tension appears to have 
a re la tiv e ly  good c o rre la tio n  w ith  stress as indicated by h e a r t-ra te ,  
when residuals and standard deviations are tested. The re lationsh ip  
between job re la ted  tension and res idual h e a rt-ra te  is: r  = 0. 66 which
is significant on the (p<0. 02) leve l, w hile that between job re la ted  tension  
and standard deviation is: r  = 0 .4 8 , significant on the (p<0. 10) leve l.
F u rth e r  tests w ere made to assess the v a r ia b ility  of the d ifferent 
subjects1 response scores. F o r  this purpose a ch i-square test was used 
on the basis that i f  a ll  subjects' response scores w ere equal fo r  each 
fac to r of the Questionnaire they must be equally satisfied  w ith  th e ir  jobs, 
or had equal ro le  conflict, equal ro le am biguity, or equal job re la ted  
tension respective ly . The m ean score has been used as the expected  
resu lt and the deviations of each subject's scores fro m  th is  m ean was 
calculated fo r  each of the four factors .
The results were:
2 ' . . ro le  am biguity X  = 9. 89 not significant (p> 0. 50)
2
ro le  conflict X  = 2. 79 not significant (p> 0. 99)
2job satisfaction X  = 14. 84 not significant (p ) 0. 20)
2 . x job re la ted  tension X  = 3. 45 not significant (p> 0. 98)
The non-significance of a ll factors shows that a ll  subjects' response 
scores w ere s im ila r  in each facto r separate ly .
10 D IS C U S S IO N  A N D  C O N C L U S IO N S
This chapter sum m arises the findings of the research , discusses the 
im p lications, and suggests values fo r res id u a l h e a rt-ra te s  which  
correspond to various levels of observed s tra in . It  also discusses 
lo n g -te rm  effects, and some possible applications fo r the findings of 
the research .
10. 1 Tasks and stress
R ela tive ly  litt le  research  has been c a rr ie d  out into assessing  
m anageria l s tra in  and the causal s tresses. M ost investigations m ay  
be faulted fo r om itting to account fo r  factors such as posture, physical 
ac tiv ity , c ircad ian  rhythm , andtem peratu revaria tions . The present 
research er has devised a means of accounting fo r the natura l cycle 
so that results a re  not exaggerated by the inclusion of this va riab le  
fac to r.
The suspicions of Hennigan and W ortham  about the existence of 
a natura l cycle fo r h e a rt-ra te  (see page 51 of this thesis) w ith  high  
values around 09. 00 and 14. 00 hours, and lows p r io r  to lunch and 
the end of the working day which in  th e ir  words "m ay be v e rif ie d  by 
future studies", is indeed confirm ed by the present research . The  
positions of the peaks and troughs v a ry  s lig h tly  about the values quoted, 
but essentia lly  the trends are v e ry  s im ila r . These m ay be v e rif ie d  
by re fe rr in g  to  the moving average graphs of Appendix 9.
This cycle m ay be p a rtly  caused by c ircad ian  rhythm , but cannot 
be explained e n tire ly  by th is effect because its frequency is about four 
tim es that of the d iu rn a l cycle which peaks only once each day, during  
the afternoon. E ffects of s tra in  as re flec ted  in  the h e a rt-ra te  are  super­
imposed upon this cycle, which m ay be c le a rly  seen fro m  the "condensed" 
h e a rt-ra te  traces  of Appendix 7. H ow ever, w hile the afternoon peaks 
m ay be due to c ircad ian  rhythm , the e a r ly  m orning peaks m ay be due 
in p art to the resu lts  of s tra in  as the m anagers prepare  to face the problem s  
of a new day. A gain , the condensed graphs indicate a "peaking" b ase-lin e  
which cannot a l l  be accounted fo r by s tra in . The fa l l  in h e a r t-ra te  before  
lunch then m eets the n o rm a l c ircad ian  rhythm  cycle subsequently fa llow ing  
it a fte r  lunch to the end of the day.
These factors w ere recognised when computing the co rrec tio n  
fa c to rs , and the peaks of the corrected  base h e a rt-ra te  w ere  set at a low er 
leve l fo r  the m orning than the afternoon peaks.
A n im portant resu lt of this research  was this red isco very  of the 
cyclic  trends which w ere apparent when the indiv idual m oving average  
graphs fo r subjects w ere superim posed. Because of th is m ovem ent of 
basic h e a r t-ra te  over the day it is not possible to  state that a person has 
a resting h e a r t-ra te  of a ce rta in  value. The statem ent is m eaningless  
i f  the tim e  of day fo r which this h e a r t-ra te  applies is not a lso quoted. 
However this has not d e terred  m ost investigators fro m  using a hypoth­
e tic a l b a s e -h e a rt-ra te  and m easuring stress as an increase above this  
value, when in  fact the increase could have been due to n a tu ra l trends  
and would have occurred even in  the absence of s tress.
The present research  has attem pted to show how such v a ria tio n  
m ay be taken into account, and subsequently e lim inated  or reduced  
in  o rd er to  leave increases in h e a r t-ra te  which m ore probably are  
due to s tress . Even though some research ers  have hinted at the existence  
of a moving b ase-lin e  they have done nothing about it , ignoring the 
effect and offering no explanation as to the nature of the cycle.
Im portant studies, such as those perfo rm ed  by Schacke et a l (1972) 
and Hennigan and W ortham  (1975) m easure h e a r t-ra te  at fifteen -m in u te  
in te rv a ls , which is a period  su ffic ien tly  long to  com pletely  blanket sm a ll 
changes, although as Table  A shows, m axim a and m in im a are  also  
recorded fo r the 15-m inute periods. C le a rly  it  would not be possible  
to  analyse b e a t-to -b ea t h e a r t-ra te  over 8 -hour shifts , a volum e of c irc a  
4 0 ,0 0 0  beats. Not only would the analysis be p roh ib itive  in  t im e , but 
the o v e ra ll in form ation-w ould be lost in the amount of d e ta il. The  
selection of one-m inute periods proved to be idea l com prom ise, and one 
which was not too long to smooth peak responses, and yet sensitive  
enough to provide in form atio n  about s h o rt-te rm  changes. F o r  any future  
research  it is recom m ended that the one-m inute in te rv a l be adopted.
The m anagers who w ere studied did not appear to be unduly 
stressed in th e ir  w ork , and in a ll  cases a good in terp erso n a l re la tionsh ip  
seemed to exist at a ll  levels . This was apparent during the observations, 
but was also borne out by (i) ta lk ing  to  them  about th e ir  s ituations, and 
(ii) th e ir  responses to the Q uestionnaires.
The assertion  is supported by the magnitudes of the h e a r t-ra te  
increases (res iduals) which in no case approach the "excessive s tress"  
c rite r io n  as defined in Section 1,0.21. The s im ila r ity  in the genera l attitudes
of a ll  m anagers studied during this research  is confirm ed by the non- 
significance of the X  -te s t, which showed no d isp arity  in the o v e ra ll 
attitudes of the subjects, as m easured by.the various indices of the 
Q uestionnaire (see Section 9. 31).
10. 2 Magnitudes of the s tra in
F ro m  the analysis of h e a r t-ra te  param eters  (Appendices 10 and 
11) it  was c lear that v ir tu a lly  a ll  a c tiv ities  caused s ign ifican tly  increased  
h e a rt-ra te s  above resting ra te s , and consequently some s tra in  in  a l l  
subjects. In  five cases, concerning four subjects these increases w ere  
not s ign ificant, and in four cases the relationships w ere sign ificant on 
p<0.05 leve l (w ith one other on p<0.01 leve l). How ever in the rem ain ing  
82 cases ,the rises w ere h ighly s ign ificant, on p <0 .00 l leve l. Th is  
indicates that (i) the method of using h e a rt-ra te  increase was su ffic ien tly  
sensitive to detect the effects on h e a r t-ra te  of perfo rm in g  m en ta l a c tiv itie s , 
and (ii)  that th ere  was s tra in  experienced by the m anagers.
The ranking of means and standard deviations by a c tiv ity  o rd er  
(Appendix 15(b)) show that the least s tress fu l a c tiv ity  appeared to  be 
c le r ic a l w o rk , which seven subjects found to  be the a c tiv ity  w ith  the 
lowest or next lowest h e a r t-ra te  in crease. Those which gave the consist­
ently lowest v a r ia b ility  (m easured by standard deviation) w ere car d riv ing  
which is dealt w ith in Section 10.31, and supervising and calculating. Thus 
certa in  ac tiv itie s  m ay be s lig h tly  m ore s tress fu l than others, but in  
genera l as has been proved in  Section 9 .33 ,. there  is no genera l bias 
tow ard any one a c tiv ity  over any other.
On exam ining the personal factors the author found no c o rre ­
lation between m ean h e a rt-ra te , res idual h e a r t-ra te , nor standard  
deviation, and age (section 9 .3T ). A  possible explanation could be 
that older m anagers do have m ore experience in  dealing w ith  situations, 
and this m ay allow  them  to  confront the situation w ith  much m ore  
confidence thereby obviating the apprehension which m ay otherwise  
be present, and counteracting the effects of other facto rs .
The fact that three d is tr ic t m anagers had the th ree lowest 
h e a rt-ra te  varia tions  (see section 9. 31) could indicate a much m ore  
stable reaction under the various strains encountered by catering  
m anagers. The s tab ility  of the h e a rt-ra te s  could not be due to ex tra  
experience because the three d is tr ic t catering m anagers w ere re la tiv e ly  
young. Thus it could be that e ith er th e ir  jobs w ere less taxing than  
the Mon-the-spotM m anagers, or they had accepted th e ir  resp onsib ilities  
of office read ily . I f  the la tte r  be the case, then it would appear that 
they had been w e ll selected. The fact that m ean h e a rt-ra te s  w ere  
not the lowest in two cases could be a ttribu ted  to other personal d ifferences  
although it w ill  be seen that even h ere , d is tr ic t catering m anagers  
occupied the f irs t  two places in  the ranking.
When the same test was applied to the sexes of the m anagers  
none of the m easures co rre la ted  w ith the sexes, and this is apparent 
fro m  the table.
When the positions in  the rankings occupied by the four women
w ere exam ined there  was nothing significant here , except that the 
spread of subjects when res idual h e a r t-ra te  and standard deviation  
w ere considered could h ard ly  be m o re , being spread over alm ost the 
whole.range of tw elve subjects. F ro m  these resu lts  it would appear 
that the women in the sample w ere not affected by stress any m ore  
than th e ir  m ale  counterparts. N o r was th e ir  v a r ia b ility  w orse nor 
better than equivalent m ale catering m anagers.
The ranked corre lations fo r  subjects undertaking the various  
activ ities  (section 9. 32, and Appendix 15a), showed a reasonable  
co rre la tio n  indicating a re la tionsh ip  between s tra in  and m in u te -b y -  
m inute h e a r t-ra te  v a ria b ility .
The ranking of ac tiv ities  by each subject in tu rn  tended to  
confirm  that a re la tionsh ip  between m ean h e a r t-ra te  and standard  
deviation, and hence perceived s tra in  and standard deviation, does exist.
It  could be argued that standard deviation would increase anyway 
w ith increase in m ean h e a rt-ra te  in  a proportional way. H ow ever the 
standard deviations shown in Appendices 15a and 15b a re  fa r  in excess 
of those which would be expected if  the standard deviation increased as 
a percentage of basic h e a r t-ra te .
M o reo ver, on the basis that res id u a l h e a r t-ra te  is absolute and 
not dependent on the basal h e a rt-ra te  there  is no reason to suppose 
that standard deviation of h e a rt-ra te s  should be dependent on basal 
m ean h e a rt-ra te . One m easures h e a r t-ra te  in crease , and the other 
assesses the v a r ia b ility  of h e a rt-ra te .
These results appear to confirm  the po ss ib ility  of using m in u te -
by-m inute h e a rt-ra te  standard deviations, which is not synonymous w ith  
the so -ca lled  sinus a rrh y th m ia , as a p red ic to r of perceived stress. 
Standard deviation (h e a rt-ra te  v a ria b ility ) would seem to be m ore  
re lia b le .
When the "means — subjects versus ac tiv itie s "  w ere tested  
(see section 9 .3 3 ) the residuals chart (Appendix 12) showed no 
consistent pattern  and no one a c tiv ity  showed up as being outstandingly  
stressfu l.
K endall's  C oeffic ient of Concordance showed that there  was no 
significant agreem ent between the resu lts . This im plies  that no 
p a rtic u la r  a c tiv ity  was g en era lly  thought to be s tressfu l by a i l  or most 
subjects included in  the analysis.
The in te r cor re lations between residuals and standard deviations  
confirm ed the findings of section 9.3.. Women appeared to be m ore  
stressed by c le r ic a l w o rk  than by discussions. Once again, K endall's  
C oeffic ient of Concordance indicated that no a c tiv ity  was experienced  
by a ll  subjects as giving a s im ila r ly  va riab le  h e a r t-ra te , thereby  
supporting the contention above that no p a rtic u la r  a c tiv ity  was thought 
to. predom inate as being m ore stressfu l.
10. 21 L e v e ls  of s t r a in
In  Chapter 2 a rev iew  of the lite ra tu re  showed the d ifficu lties  
which have existed in try in g  to define psychological stress and s tra in  
in m eaningful te rm s .
Although attem pts have been made to describe it in subjective  
te rm s  the author can find no evidence of m enta l s tra in  being defined in  
absolute n u m erica l values. This m ay be because the stress experienced  
m ay its e lf  be subjective. F u rth e rm o re  absolute values m ay be m eaning­
less because resting h e a rt-ra te s  v a ry  fro m  subject to subject.
The author has been convinced fro m  his present research  that 
res idual h e a rt-ra te  is a superior m easure , and even m ore re lia b le  i f  
m easured fro m  the "n a tu ra l cycle" resting leve l as developed by the 
present author.
As a resu lt of this research  and the values quoted by other
authors in section 2. 3 the follow ing values are  offered fo r  consideration:
residuals up to 5 b .p .m . . . . . . . negligible s tra in
6 - 1 2  . . . . . . some s tra in , but not
affecting the subject 
1 3 - 2 0  . . . . . . m oderate stra in ; noticeable
21 - 50 .. . ... . .  s tressfu l; s tra in  but to le ra b le
50 - 100 . . . . . . exceedingly stressfu l; subjects
fee l the s tra in
101 and over . . . . . . only usually  experienced by
such as je t p ilo ts , racing  
d riv e rs , and "ex tre m e " jobs.
These values, of course, are  fo r m enta l s tra in  alone, and do not 
apply i f  appreciable physical ac tiv ity  accompanies the m en ta l s tra in
10. 3 E f fe c ts  o f in d iv id u a l a c t iv it ie s
10. 31 C ar driv ing
The resu lts  fo r  this a c tiv ity  do not agree w ith  research  c a rrie d  
out in  other fie lds on car d riv ing . F ro m  the analysis of Appendix 15(b) 
it w i l l  be seen that th ree  of the four subjects who w ere  involved in  car 
driv ing (subjects 13, 17, and 24) experienced re la tiv e ly  sm all h e a rt-  
rate  increases than fo r  other m ental a c tiv itie s , ranking the increases  
1 s t., 3 r d . ,  and 4th. respective ly . These increases also  include sm all 
physical e ffo rt effects. S urpris ing ly  the subjects appeared to  be m ore  
re laxed when driv ing  in  tra ff ic  than when, say, telephoning. The fourth  
subject did experience m ost s tra in  when d riv in g . Th is m ay have been 
due to the fact that he was using a pow erfu l m o to r-cyc le  and not a car. 
How ever, when h e a rt-ra te  v a r ia b ility  is m easured by standard deviation  
the results a re  even m ore surpris ing . The standard deviations fo r  driv ing  
w ere ranked by subjects 1 3 ,2 2 ,2 4 , and 17 as 1st., 1st., 2nd., and 4th 
respective ly . Th is  means that th e ir  h e a rt-ra te s  rem ained v e ry  steady 
when com pared w ith other ac tiv ities .
Most contem porary research  including that o fG arru th e rs  (1974) 
and Taggart et a l (1969) seems to press the point that d riv in g  is v e ry  
stressfu l to d r iv e rs , and there fo re  can affect health. In  the present 
research  h e a r t-ra te  appeared to v a ry  between 4 and 12 b .p .m . (w ith 95% 
confidence), although in  the case of the m o to r-c y c lis t the h e a r t-ra te  
leve l did r ise  an average of 15 b .p .m . 1 b .p .m . w ith  95% confidence).
These resu lts  m e re ly  confirm ed the experience of the present 
w rite r  who has not been able to  detect excessive h e a r t-ra te  increases  
when driv ing except in  exceptional circum stances (m otorways at > 80 m .p .h .
1 0 . 3 2  O th e r  a c t iv i t ie s  and th e ir  m a x im u m  e s t im a te d  s t r e s s  le v e ls
A ra th e r surpris ing  resu lt is the difference between h e a rt-ra te  
rises when the m anagers discussed problem s w ith subordinates, and 
w ith superiors. Th ree  m anagers m ay be com pared. Subject 12 showed 
a v e ry  sm all increase when speaking w ith  her superior but a large rise  
when ta lk ing to subordinates. T h ere  was v e ry  litt le  d ifference in the two 
situations w ith  Subjects 22 and 24. Th is m ust be due to a feeling of 
resp onsib ility  on the p art of the young fem ale m anager (S. 12), and the 
good re lationsh ip  which a ll  m anagers had w ith  th e ir  superiors . Th is  
contention is supported by the responses to the questionnaires. Subject 
12's s tra in  (as m easured by h e a rt-ra te  residuals) when discussing w ith  
her superior proved to be not significant (see Appendix 13).
Telephone calls did not appear to be unduly s tressfu l except in  
the isolated case of Subject 20 on incom ing, in te rn a l ca lls , but the sample  
size (4 ca ll-m in u tes) was so sm all that even the m ean could have bean 
25% in  e r ro r . F o r this subject ex tern a l, outgoing calls w ere  highly  
sign ificant, w ith  a potentia l of 86 + 55 b .p .m . or 141 b.p .m . would be 
possible, on the 99. 8% confidence level. S im ila r ly  on an ex tre m e ly  
large sample of 133 m inutes (discuss w ith  colleagues) a potentia l rate  
of 86 + 42. 4 or 128. 4 b .p .m . could be expected w ith  99. 8% confidence.
Other po ten tia lly  possible rates are 112 b .p .m . fo r S. 24 (c le r ic a l 
w o rk  and 124 for in te rn a l, outgoing calls fo r this subject.
Subject 21 had a potential rise  of 44 b .p .m . (c le r ic a l) and 
47 b .p .m . (discuss w ith  colleagues) on a v e ry  large sample size.
These results show that at least three subjects could have h e a rt-  
rates in  the v e ry  high stress region, even though such rates w ere  not 
actua lly  observed.
10. 4 L o n g - te r m  e ffe c ts  and h e a r t - r a t e
Reference to the corre lations  derived  fro m  the rankings of 
Appendix 12(a) showed that age of the subjects appears to have no s ig n if­
icant effects on res idual h e a r t-ra te . Th is  would at f irs t  appear to be 
anorriolous but can be explained by the gaining of experience by o lder 
m anagers. Younger (and possibly f it te r )  people m a y b e  less inclined  
to  be subconsciously affected by stress but m ay be m ore consciously  
w o rrie d  about p rob lem s, whereas older m anagers w ill  have the benefit 
of years of experience which w il l  counteract any tendency of the stress  
to affect th e ir  he a r t - r a te  levels .
The resu lts  analysed in  Chapter 9 indicate a strong re lationsh ip  
between Job R elated Tension and h e a r t-ra te  increase w ith task. F o r  
any given task the subjects who, according to the scoring of the question­
n a ire  experienced the highest job re la ted  tension ,in  genera l dem onstrated  
the highest h e a r t-ra te  increases. The resu lt is quite log ica l and does 
seem to indicate that there  m ay be a subconscious influence which causes 
a job to  appear m ore s tressfu l than it  would had there  been lit t le  job 
tension.
It  m ay appear strange that no c o rre la tio n  was found between h e a r t-  
rate  residuals and job satisfaction. The lo g ica l conclusion to  such a 
test would be fo r subjects w ith litt le  job satisfaction to find th e ir  tasks  
m ore s tressfu l than subjects w ith  good job satisfaction. The answ er 
could, of course, be that the questionnaire was not designed to m easure  
job satisfaction in a conclusive way. H ow ever, the questions w ere  based 
on s im ila r , successful, questionnaires a lread y  in use.
A  m ore acceptable reason fo r n o n -co rre la tio n  m ay be that it is
because the m anagers w ere re la tiv e ly  happy and satisfied  in th e ir  
w o rk  that even those w ith  a low satisfaction score, who appeared to  
have less job satisfaction w ere not d issatis fied  to an extent which  
would affect th e ir  jobs. Th is contention is borne out by the X  tests  
to which re ference was made in a previous section of this Chapter 
These tests showed that no m anager was s ign ifican tly  d iffe ren t in  
job satisfaction than any of his colleagues.
10. 5 P o s s ib le  a p p lic a tio n s  of the  fin d in g s
C ontem porary research  has proved the fe a s ib ility  of m easuring  
psychological s tra in  using h e a rt-ra te  change as a som atic p red ic to r. 
W hile it is tru e  that most of th is has been perfo rm ed  on extrem e subjects 
such as parachute ju m p ers , racing car d r iv e rs , and public speakers, 
the present research  has shown that it is possible to detect even sm all 
psychological s tra in  effects, to which h e a rt-ra te  is sensitive.
M anagers, or at least those engaged in hospital ca tering , do.not 
appear to be subject to conditions of excessive stress during the course 
of th e ir  usual a c tiv ities . However even these m anagers exhibited  
significant hea-rt-ra te  changes. Th is  would indicate that the methods 
described in  the foregoing chapters of this thesis could be adapted to  
assessing the s tra in  experienced by m anageria l staff w hile doing th e ir  
jobs.
The so -ca lled  "m an ag eria l sicknesses" are  psychosom atic and 
m ay be brought on by bodily chem ical changes stim ulated by stress.
This could be a serious problem  in the cases of some m anagers. The 
extent of such illnesses was discussed in Section 4. 31, and Tab le  A  
showed the incidence of deaths occurring in  the area . It  would be a 
distinct advantage i f  the sources of significant stress could be iden tified  
when some action could be taken to a llev ia te  the s tra in  on the m anager, 
thus obviating some of the psychosom atic illnesses.
It  could be possible to reco rd  the h e a rt-ra te s  of m anagers using 
the unobtrusive portable equipment used in the present research  and 
fro m  the recordings on the tape the amount of s tra in  each m anager 
experienced m ay be m onitored. R egular m onitoring checks would
iden tify  (i) those m anagers who are susceptible to the s tra ins , and
(ii) those ac tiv ities  which have most effect on certa in  m anagers. It  
m ay then be possible to take action to re lie ve  the stra in .
An im portant application could be the identifying of po ten tia lly  
s tress-prone m anagers fro m  s ta tis tica l analyses on the observations 
even though excessively  high h e a rt-ra te s  w ere not observed during the 
course of the actual study. Th is aspect was discussed in Section 9* 33 
Such an approach m ight be useful in  preventing, or at least reducing the 
incidence of psychosom atic illness in industry, and in job selection.
Th is  procedure would involve reg u la r m onitoring of h e a r t-ra te  
over one or two days on a m in u te-b y-m in u te  basis. The standard  
deviations calculated fro m  recordings fo r each a c tiv ity  would provide  
an indication of the spread of the readings, and fro m  these data, and 
the m ean h e a rt-ra te  leve ls , the potentia l increases on various levels  
of significance could be assessed, as described in Section 9- 33.
10.6  C o n c lu s io n s  in  s u m m a ry
The foregoing discussion has sum m arised the findings of the 
present author during his research  into m anageria l s tra in , and the 
ac tiv ities  producing the stress. The conclusions reached m ay be 
sum m arised in  the follow ing.
1. The m easurem ent of stress on hospital catering m anagers is 
both techn ica lly  feasib le and re lia b le  by m onitoring h e a r t-ra te  on a 
m in u te-b y-m in u te  basis. B ea t-b y -b ea t analysis is laborious, and does 
not give the type of in form ation  which is useful in such an investigation. 
The case fo r  using sinus a rrh y th m ia  has not been established to the 
satisfaction of the present research er.
2. H e a rt-ra te s  observed showed that hospital catering m anagers  
w ere not unduly stressed in  th e ir  w ork , at least not during the present 
studies. Th is  was confirm ed by th e ir  responses to the questionnaires.
3. P o ten tia l h e a rt-ra te  rises in  at least th ree  cases could (w ith  
99- 8% confidence) be estim ated to approach the excessively  high stress  
leve l, which means that these th ree  m anagers could be under high stress  
on occasions.
4. It  is necessary to determ ine a moving h e a r t-ra te  base fro m  which
to calculate h e a rt-ra te  rises (stress effects) ra th e r than use the t ra d ­
itio n a l fixed base rate which does not in fact exist.
5. A  m ultip le  regress io n  m odel could be developed fo r the purpose
of (4) above.
6. It  is necessary to take into account the effects of posture, d iu rn a l
changes, physical w ork , and other factors which affect h e a r t-ra te  when 
considering h e a rt-ra te  changes due to m ental strain; something which
is w e ll documented in lite ra tu re , but la rg e ly  ignored by researchers  
of m enta l stress effects.
7. Some resu lts , such as car d riv ing , do not appear to support 
popular theories advanced by other research ers  that driv ing  is strenuous.
8. H e a rt-ra te  v a r ia b ility  (standard deviation) which is to ta lly  indep­
endent of h e a rt-ra te  m ean levels , could be an a lte rn a tive  method of 
assessing m anageria l s tra in .
9. The method could be used as a way of m onitoring m anagers fo r  
health purposes, to advise them  on avoiding excessive stress situations. 
F ro m  (3) above, s ta tis tic a l analyses could indicate which m anagers  
w ere prone to exhibit high h e a rt-ra te s  than others.
A P P E N D I C E S
P A R T IC IP A T IN G  H O SPITA LS AN D  SUBJECTS
C en tra l M iddlesex H ospita l
H are fie ld  H ospita l 
Hillingdon H ospita l 
Hove G enera l H ospita l 
Kings1 College H ospita l 
Luton G enera l H ospita l 
Luton & Dunstable H osp ita l 
N orthw ick P a rk  H ospita l
Pem bury “H ospita l 
Roxeth (H arrow ) H ospita l
D is tr ic t catering m anager 
C atering m anager 
D is tr ic t catering m anager 
C atering m anager 
Cate ring manage r  
C atering m anager 
D is tr ic t catering m anager 
C atering m anager 
D is tr ic t catering m anager 
Catering m anager 
C atering m anager 
Catering m anager
4 . .....................  D is tr ic t  catering m anagers (1 f , 3 m )
8 . .  . . . . C atering  m anagers (3 f, 5 m )
4 ......................... fem ale m anagers
8 ......................... m ale m anagers
J ^ l S K b U i N A  JL. J r ' K V - c J . J L t l l . o  u r  D  U  J j  J  i - i  U  l  O  6 U U J C U U .  *
sex: fem ale age range: 20-24  position: catering m anager
education: secondary and u n ivers ity
tra in in g : catering m anagement, catering techniques
experience: 2 y rs . tra inee  catering o fficer
2 y rs ., assistant catering m anager 
1 y r . catering m anager
responsible fo r: m anagers: 0 supervisors: 4 operatives: 101
subject: 13
sex: m ale  ' age range: 45 -50  position: d is tr ic t catering mg
education: secondary
tra in in g : short management courses
experience: 10 y rs . catering
6 y rs . catering m anager 
4 y rs . d is tr ic t c. m .
responsible fo r: m anagers: 2 supervisors: '5 operatives:
subject: 14
sex: fem ale age range: 30-35  position: d is tr ic t catering mg
education: g ram m ar
tra in in g : catering management, catering techniques
experience: 9 y rs . various grades of catering m anagement
re s p o n s ib le  fo r :  m a n a g e rs :  1 s u p e r v is o r s :  1'3 o p e r a t iv e s :  140
P E R S O N A L P R O F IL E S  O F SUBJECTS - subject: 15
*
sex: fem ale .age range: 25-29 position: catering m anager
education: secondary and technical college
tra in in g : catering techniques
experience: 2 y rs . tra inee  catering m anager
3 yrs . catering m anager
responsible fo r: m anagers: 0 supervisors: 3 operatives: 25
subject: 16
sex: m ale age range: 30 -35  position: catering m anager
education: secondary
tra in in g : catering techniques courses
experience: 3 y rs . chef
2 y rs . asst, catering o fficer  
2 y rs . catering o fficer  
5 y rs . catering m anager 
responsible fo r: m anagers: 0 supervisors: 13 operatives: 110
subject: 17
age range: 25-29 position: catering m anager
secondary
catering management (Nat. D ip in H otel Keeping and C atering)
3 y rs . catering m anager (GPO)
3 y rs . catering m anager (NHS)
re s p o n s ib le  f o r :  m a n a g e rs :  0 s u p e rv is o rs :  5 o p e r a t iv e s :  33
sex: m ale
education: 
tra in ing: 
experience:
sex: m ale age range: 25-29 position: catering manage
education: g ram m a r
tra in in g : catering m anagem ent, catering techniques
experience: 8 months, catering supervisor (NHS)
8 months, asst, catering o fficer  
3 yrs . catering m anager
responsible fo r: m anagers: 0 supervisors: 6 ' operatives: 55
subject: 20
sex: m ale ' age range: 30 -34  • position: catering m anager
education: secondary
tra in in g : catering techniques
experience: 2 y rs . restaurant m anager
1 y r . catering m anager (entertainm ents)
1 y r . house m anager (gentlem en’ s club)
4 y rs . catering m anager (NHS)
responsible fo r: m anagers: 0 supervisors:. 7 operatives: ^ 0
sex: fem ale
education: 
tra in in g: 
experience:
age range: 25-29  
g ram m ar
catering management
subject: 21
position: catering m anager
4-2 y rs . a ir lin e  stewardess 
6 m ths. tra inee  catering o fficer (NHS) 
6 m ths. deputy catering o fficer  
2 j  y rs . catering m anager
r e s p o n s ib le  fo r :  m a n a g e r s :  0 s u p e r v is o r s :  5 o p e r a t iv e s :  55
s q x :  m a l e  a g e  r a n g e :  2 5 - 2 9  p o s i t i o n :  D i s t r i c t  c a t e r i n g  o f f i c e r
e d u c a t i o n :  s e c o n d a ry -
t r a i n i n g :  s h o r t  c o u r s e s  in  c a t e r i n g  m a n a g e m e n t ,  a n d  c a t e r i n g  t e c h n i q u e s
experience: 3 yrs catering o ffice r, N .H . S.
2 yrs group catering m anager, N .H . S.
!
| 1 y r. d is tr ic t catering,: N . H. S.
responsible fo r: m anagers: 4 supervisors: operatives: 180
subject: 23
sex: m ale  age range: 45 -49  position: catering m anager
education: g ram m ar
tra in in g: short courses in  catering m anagement, and catering techniques
experience: 18 months kitchen superintendent, N .H . S.
4 y rs . K itchen superintendent, N .H .  S.
2 y rs . catering b u rs e r, N .H . S.
7 y rs . catering m anager, N . H . S, 
responsible for: m anagers: 5 supervisors: -0 operatives:
subject: 24
sex: m ale age range: 25-29  position: D is tr ic t  catering  manage
education: secondary '
tra in in g : courses in catering m anagement, and catering techniques
experience: 2 y rs . catering m anager, 2, N .H . S.
2 y rs . catering m anager, 3, N .H .S .
4 y rs . d is tr ic t catering m anager
re s p o n s ib le  fo r :  m a n a g e r s :  3 s u p e rv is o rs :  0 o p e r a t iv e s :  150
U N IV E R S IT Y  OF SURREY  
R ESEA RC H  PR O JEC T
ASSESSMENT OF STRESSES A N D  STRAINS  
IM P O S E D  ON C A TER IN G  M ANAGERS
by
Dennis A . W hitm ore
I  hope you w ill  agree to taking p art and assisting m e in  some research  
which I  am  conducting in the hospital catering fie ld . We a re  a ll  
fa m ilia r  w ith  the stresses and strains of working in  m anagem ent, but 
we do not know enough about the causes and how to avoid them .
To help you understand what is involved, I  have prepared  an outline of 
the procedures I  shall be using.
Outline of research  program m e
1. The research  is being conducted in  hospital catering management 
by Dennis A  W hitm o re , D ire c to r  of Management Services at H arro w  
College of Technology & A r t ,  who is reg is tered  as a post graduate  
research er at the U n ivers ity  of S u rrey  (D epartm ent of H ote l, C atering  
and T o u rism  Managem ent). A  colleague is carry in g  out s im ila r  w ork  
in hotel catering management.
2. The purpose of the research  is to investigate the stresses and strains  
imposed on m anagers in  the hospital and hotel catering fie ld s . The 
extent of the s tra in  m ay be assessed in  various ways, and the p a ra m e te r  
which has been selected fo r the investigation is m ean (average) h e a r t-ra te .
3. Various m anagers in the hotel and hospital catering fie lds have 
volunteered to act as subjects in  this p ro jec t.
The Procedure
1. The re se a rch er w ill have a short in fo rm a l chat w ith  the m anager to  
discuss exactly  what is involved and the purpose of the study.
2. The subjects w ill  be asked to answer vo luntary  questions about th e ir  
backgrounds, and th e ir  jobs and resp onsib ilities . Names w il l  not be used
in any rep o rts , but m e re ly  codes such as M anager 3,' or A ssistant M anager 4.
3. H e a r t-ra te s  of subjects w ill  be m onitored  using a sm a ll light-w eight 
re co rd er developed by the N orthw ick  P a rk  C lin ic a l R esearch  C entre.
4. Thessequence given below w il l  be followed:
(i) On the day of the p ro jec t a short b rie fin g  session is c a rr ie d  out.to  
dem onstrate the use of the equipm ent to  the subject.
(ii)  .Two sm all ligh t-w eight contacts (e lectrodes) which c a rry  adhesive  
pads (s im ila r  to E las top last) a re  pressed on to the chest each side of 
the heart. T h in  leads fro m  the electrodes a re  jo ined to a tin y  re c o rd er  
which is c a rr ie d  in  a pocket or strapped tot'the w aist.
( i i i )  The subject is asked to s it qu ietly  fo r  about 10 m inutes to  m easure  
the resting h e a r t-ra te .
(iv) The subject c a rr ie s  on w ith  h is /h e r  n o rm a l routine w hile the 
observer (at a d iscrete  distance) m akes b r ie f  notes on the type of a c tiv ity  
being perfo rm ed  (e. g. telephoning, discussing w ith  assistan ts, w ritin g
a m em o, etc). The duration fo r  th is exerc ise  is one w orking day or 
shift.
(v) A  short d e -b rie fin g  is given to c le a r up any outstanding points, and 
the subject then rem oves and discards the disposable e lectrodes.
(v i) L a te r  another run through ( ii) ,  ( i i i ) ,  (iv ), and (v) m ay be made to  
see i f  there  are  any d ifferences occurring (e. g. due to  the novelty effect 
of w earing the e lectrodes). •
(v ii) The resu lts  a re  then analysed.
4. The findings w i l l  be shown to the partic ip an t and copies of th e ir  own 
w aveform s fro m  the tape re c o rd e r, and other data w ill  be provided to  
those partic ipants  who would be in teres ted  in rece iv ing  them .
1*. D id you have a good journey  to w ork
(i) te r r ib le  ( ii)  usual p rob lem s, nothing to w o rry  about 
( i i i )  nice and easy
2. Could you te l l  m e, without giving any d eta ils , i f  you have any w o rrie s  
or problem s at present on your m ind?
(i) a constant w o rry  ( ii)  something to th ink about occasionally  during wo
(ii i)  nothing im portant (iv) none at a ll
3. How do you fe e l in health  today?
(i) npt at a l l  w e ll ( ii)  p o o rly  ( ii i )  fa ir  (iv) akright (iv) v e ry  w e ll
(vi) excellent
4. How do you fe e l about the experim ent?
(i) apprehensive ( ii)  I  ju st th ink about it ( ii i)  does not w o rry  me
5. Is  there  anything v e ry  im portant which you m ust do today ap art fro m
the usual routine things ?
(i) yes ( ii)  nothing ex tra  specia l that I  knew of at present
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ROLE AMBIGUITY
1. How often does your boss consult you about things which d ire c tly  
concern you?
always lets me usually  lets som etim es he does forgets never
know me know som etim es not
2. How concerned are  you about this ?
not at a ll  litt le  somewhat quite concerned w o rrie s  me
3. Does he let you know when he is satisfied  w ith your w ork?  
never seldom som etim es usually  always
4. Does it  w o rry  you?
a lot somewhat ind ifferen t not at a ll
5. . How c lea r are  you about your te rm s of reference fo r your job?
v e ry  vague hazy fa ir ly  c lea r p re tty  c lea r absolutely c lear
6. How c lear are  you about the extent of your authonity ?
v e ry  vague hazy fa ir ly  c lea r p re tty  c le a r absolutely c lea r
7. How closely does your boss supervise you?
closely not too closely loosely not at a ll
8. Is this the way you like it ?
no ind ifferen t yes (score 7 according to the
answer to  8)
ROLE CONFLICT
1. A re  you c lear about to whom you report?
no fa ir ly  c lea r yes
2. Is there  anyone else you report to som etim es?
yes no
2a. ( IF  YES) Do you som etim es get confused about th is?  
yes no
3. Do you ever- experience d ifficu lty  in deciding whether to support 
your subordinates or your boss i f  there  is a conflict?
often usually som etim es not often I  always know which to
support
JOB S A TIS F A C TIO N
. !  ■ .
1. Do you like resp onsib ility
i‘ yes to a certa in  extent not v e ry  much noi
2. Do you th ink you get enough?
yes could do w ith m ore nowhere near enough
|j ■
|3. Do you like the type of w ork you are  doing? 
j yes could be b e tte r no
r
IF  YES:
4a Do you like working here?
yes no
4b Would you p re fe r  to  move to another organization i f  the job, money, 
conditions, etc whre the same?
no yes
IF  NO:
5a Would you like to w ork here but in another job?  
yes no
5b Although you m ight d islike your job do you look fo rw ard  to coming to  
w ork?
yes no
6. Do you fee l satisfied w ith  what you have achieved at the end of the day
always n e arly  always often seldom n ever'
7. Do you have the opportunity to do the things you are  best at?
yes quite often seldom never
J O B -R E L A T E D  TENSION INDEX
1. Is the need to gain prom otion of im portance to you?
Param ount v e ry  great reasonably so not too much no
2. A re  opportunities available here fo r you?
J. .. not re a lly  average ample
3. A re  you satisfied w ith  your progress?
defin ite ly  not not re a lly  p re tty  w e ll d e fin ite ly
4. Do you fee l any fru s tra tio n  about the rate  of progress?
v e ry  much some not re a lly  none
5. Do you have a feeling that you have insuffic ient au thority  to c a rry
out your job?
def in ite ly  som etim es not re a lly  not at a ll
6. A re  you c le a r about the scope of your responsib ilities  and what is 
expected of you?
no not re a lly , some doubts yes
7. Do you like being le ft alone to do the job w ith as litt le  supervision  
as possible ?
' ye s no
7a. IF  YES: A re  you allowed to do this ?
never not as often as I  should like enough always
7b. IF  NO: How much assistance do you get from  superiors?
none some but insuffic ient enough as much as I  want
8. Can you cope w ith your workload or have you too much?
d efin ite ly  overworked pressure m ost of the tim e som etim es hectic
no problem s
9. A re  you w o rried  about satisfying your bosses?
yes not re a lly  no
10. How do you regard  your boss?
unapproachable somewhat rem ote average approachable as equa
• or fr ien d
11. I f  your boss wishes to see you, usually  does he send fo r you
to go to his office, or does he come to see you?
go to h im  comes to me
12. I f  you get a ca ll to see him  (or if  he com est'lo  see you) how do you fee l?
scared apprehensive wondering if  it is m a tte r of no qualms 
(bu tte rflies ) bad news * fact at a ll
13. A re  you happy w ith  the way your subordinates work?
no they are  not too bad fa ir ly  happy quite satisfied
14. Do they give you enough help and support?
no could give m ore just about enough v e ry  good support
15. Do you give them  enough responsib ility?
ye s no
16. Do you th ink they are  of the right ca lib re  fo r th e ir  jobs ?
no some are  g enera lly  a ll of them
17. How closely do you have to supervise them ?
v e ry  closely not too closely I  let them  get on w ith  the job
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IN D IV ID U A L  RECORDINGS OF A C T IV IT Y  
PA R A M ETER S
ACTIVITY PARAMETERS
S u b j e c t  No: 12
C l e r i c a l  w o r k
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 86.  41 
= 80. 62  
= 4.  62
Telephoning
e x t e r n a l :  o u tg o in g  
o b s e r v e d  M e a n  -  8 6 . 9 8  
c o r r e c t e d  = 83.  52
r e s i d u a l  = 7. 52
e x t e r n a l :  i n c o m i n g  
o b s e r v e d  M e a n  = 87.  62 
c o r r e c t e d  = 84.  22
r e s i d x i a l  = 8 . 2 2
i n t e r n a l :  o u tg o in g
o b s e r v e d  M e a n  = 86.  48  
c o r r e c t e d  = 81.  58
r e s i d u a l  = 5. 58
i n t e r n a l :  i n c o m i n g  
o b s e r v e d  M e a n  = 84.  78 
c o r r e c t e d  = 82.  78
r e s i d u a l  = 6. 78
s .  d.  = 5. 66 ( B e s s e l  = 
= 4.  90 
= 4. 90
n  = 78
s .  d.  = 6. 34  
= 6 .1 0  
= 6. 10
n  = 41
s .  d. = 17. 26 
= 7. 14 
= 7. 14
n  = 27
s .  d.  = 7. 3o 
= 4.  66 
= 4 . 6 6
n  = 42
s .  d.  = 4. 00 ( B e s s e l  = 4.  12) n  = 18 
= 4. 00 
= 4.  00
D is c u s s in g  (w ith  c o lle a g u e s )
observed Mean = 89 .3 2  s. d. = 6 .6 0  n = 58
corrected  = 86. 24 = 5. 00
res idual = 10 .24  = 5 .0 0
Discussing (with superior)
observed Mean = 85. 14- s. d. = 5. 86 (B essel = 5. 99). n = 23
corrected  = 79. 40 = 7. 76 (B essel = 7. 94)
res idual = 3 .4 0  = 7 .7 6  ditto
C a lc u la tio n s
observed M ean = 90. 20 s. d. = 3. 94 (B essel = 2. 02) n = 19
corrected  = 82. 22 = 3. 94 ditto
residual = 6. 22 = 3 .9 4  ditto
R e st
o b s e r v e d 76.  00
ACTIVITY PARAMETERS
S u b j e c t :  N o .  13
C l e r i c a l  w o r k
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 82.  72 
= 76 .96  
= 6 .9 6
s .  d.  = 6. 98 
4.  13 
4 .  13
T e l e p h o n i n g
e x t e r n a l :  o u tg o i n g
o b s e r v e d  M e a n  = 81.  00 
c o r r e c t e d  = 75.  17
r e s i d u a l  = 5 . 1 7
e x t e r n a l :  i n c o m i n g
o b s e r v e d  M e a n  = 88.  25 
c o r r e c t e d  = 7 8 . 4 4
r e s i d u a l  = 8.4-4
s .  d.  = 6. 24 
= 5 . 8 0  
= 5 . 8 0
s .  d.  = 5. 42  ( B e s s e l  = 5. 80) 
= 5. 95 ( B e s s e l  = 6. 15) 
= 5.  95 d i t t o
i n t e r n a l :  o u tg o in g  ( to s u b o r d i n a t e s )
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 85.  00 
= 74.  00 
= 4.  00
s .  d. = 5. 01 ( B e s s e l  = 5.  28] 
= 2. 83 ( B e s s e l  = 2. 98]
= 2. 83 d i t t o
D i s c u s s i n g
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 85.  98 
= 80.  74 
= 10. 74
s .  d. = 4.  78 
4.  50 
4 .  50
C a l c u l a t i n g
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 77.  52 
= 7 6 . 4 4  
= 6 . 4 4
s .  d.  = 3 .4 6 .  
2. 95 
2. 95
D r i v i n g
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 79.  14 
= 7 3 . 1 4  
= 3.  14
s .  d.  = 2. 70 ( B e s s e l  = 2. 80) 
= 2. 70 d i t t o
= 2. 70 d i t t o
R e s t
n  = 53
n  = 42
n  = 16
n  = 10
n  = 165
n  = 25
n  = 14
o b s e r v e d = 70.  00
ACTIVITY PARAMETERS
S u b j e c t :  No .  14
C l e r i c a l  w o r k
o b s e r v e d  M e a n  = 8 4 . 6 6  
c o r r e c t e d  = 83.  70
r e s i d u a l  = 3. 70
T e l e p h o n i n g
e x t e r n a l :  o u tg o i n g
o b s e r v e d  M e a n  = 85.  72
c o r r e c t e d  = 8 6 . 2 8
r e s i d u a l  = 6. 28
i n t e r n a l :  o u tg o in g
o b s e r v e d  M e a n  = 87. 58
c o r r e c t e d  = 82.  57
r e s i d u a l  = 2. 57
D i s c u s s i n g
o b s e r v e d  M e a n  = 8 7 .  18
c o r r e c t e d  = 8 1 . 4 2
r e s i d u a l  = 1 . 4 2
P r e p a r a t i o n  f o r  m e e t i n g
o b s e r v e d  M e a n  = 91.  14
c o r r e c t e d  = 81. 14
r e s i d u a l  = 1 . 1 4
M e e t i n g
o b s e r v e d  M e a n  = 91.  78
c o r r e c t e d  = 82. 09
r e s i d u a l  = 2. 09
C a l c u l a t i n g
o b s e r v e d  M e a n  = 87.  86
c o r r e c t e d  = 81.  30
r e s i d u a l  = 1 , 3 0
R est
s .  d. = 2. 46  ■ n  = .46
= 2. 74 
= 2. 74
s. d. = 3. 28 (B essel = 3. 54) n = 7
= 3. 18 (B essel = 3. 44)
= 3. 18 d itto
s. d. = 5. 28 n = 28
= 3. 66 
= 3. 66
s. d. = 3 .4 8  ■ - n = 73
= 3. 82
= 3. 82
s. d. = 4. 26 (B essel = 4. 42) n = 14
= 4. 26 d itto
= 4. 26 d itto
s .  d.  = 3. 7 2  n  = 47
= 3 . 5 4  
= 3.  54
s .  d. = 2. 58 n  = 30
= 2. 42  
= 2. 42
o b s e r v e d = 80.. 00
ACTIVITY PARAMETERS
S u b j e c t  No: 15
C l e r i c a l  w o r k
o b s e r v e d  M e a n  = 9 7 .  62 s .  d. = 5. 74 n  = 64
c o r r e c t e d  = 8 5 . 9 4  = 6 . 3 8
r e s i d u a l = 9. 94 = 6. 38
T e l e p h o n i n g
s.  d, = 6. 70 ( B e s s e l  s .  d. 7. 03 )n  = 1 1
= 7. 38  ( B e s s e l  s .  d. 7. 74)
= 7. 38 d i t t o
. d.  = 6 .  60 n  = 21
= 6. 16 
= 6. 16
. d. = 5. 22 n  = 18
= 5. 26 
= 5. 26
. d. = 3. 18 (Bessel s. d. 3. 68) n = 4
= 6. 36 (B essel s. d. 7. 34)
= 6 .3 6  ditto
Taking money at t i l l
observed M ean = 99 .90  s. d. = 3. 64 n = 22
corrected  = 85 .56  = 3 .3 2
rfe'gidual = 9.56 = 3 .3 2
Serving m eals (corrected  fo r standing)
observed Mean = 88. 30 s. d.
corrected  = 78 .30
residual = 12.30
R est
observed Mean = 82. 00 s. d. = 6. 90 n = 21
corrected = 75 ,24  = 6 .6 6
residual . = 9 . 2 4  = 6 .6 6
= 3 . 3 2  n  = 26
= 3 . 3 2  
= 3 . 3 2
e x t e r n a l :  o u tgo ing :
o b s e r v e d  M e a n  = 88. 36
c o r r e c t e d  = 85.  62
- r e s i d u a l  .. = 9. 62
. D i s c u s s ing (w i th  c o l l e a g u e s )
o b s e r v e d  M e a n  = 9 1 . 4 2
c o r r e c t e d  = 83.  14
r e s i d u a l . . .  = 7. 14
S u p e r v i s i n g  k i t c h e n
o b s e r v e d  M e a n  = 87. 00
c o r r e c t e d  «, = 85. 56
- re ' s id u a l  , = 9 . 56
' C h e c k i n g  s t o r e s
o b s e r v e d  M e a n  = 92. 50
c o r r e c t e d  = 82 . 50
r e s i d u a l . .  = 3 . 2 5
ACTIVITY PARAMETERS
S u b j e c t  No: 16
C l e r i c a l  w o r k
o b s e r v e d  ’ M e a n  = ’97*26-  . s . d ,  = 5 . 6 8  n
c o r r e c t e d  = 8 5 ^ 92  = 4. 86
. re s id u a l -  M e a n  = 5. 92 = 4. 86
T e l e p h o n i n g
I n t e r n a l :  ou tg o in g :
o b s e r v e d  M e a n
' c o r r e c t e d  
. r e s id u a l . :  .
s .  d. = 4. 16 ( B e s s e l  s .  d. 2. 78)
= 2. 13 ( B e s s e l  s .  d. 2. 34)
= 2 . 1 3  ’( B e s s e l  s .  d.  2. 34)
s .  d. = 8. 38 
= 8. 92 
= 8. 92
s.  d. = 4. 88 . 
= 5. 34  
= 5. 34
R e s t
e x t e r n a l :  i n c o m i n g :
o b s e r v e d  M e a n  = 98.  00
c o r r e c t e d  = 8 7 . 3 3
r e s i d u a l  ' = 7. 33
e x t e r n a l :  ou tgo ing :
o b s e r v e d  M e a n  = 99.  76
c o r r e c t e d  = 86.  76
r e s i d u a l  = 6 . 7 6
D i s c u s s i n g
. o b s e r v e d  M e a n  =100. 94
c o r r e c t e d  = 9 1 . 3 4
- r e s i d u a l -  ' = 1 . 3 4
n
s .  d. = ( B e s s e l  s .  d.
8 2 . 8 0  = 5 . 6 0  ( B e s s e l  s .  d. 6 . 2 5 )
2. 80 5 . 6 0  ( B e s s e l  s .  d. 6. 25)
= 46
= 6
n  = 24
n  = 49
o b s e r v e d  M e a n  = 8 7 . 2 0  s .  d. = 4 . 5 4  
c o r r e c t e d  = 8 0 . 4 0  = 3 . 9 2
r e s i d u a l  = 0 .  40 = 3. 92
n  = 20
*
ACTIVITY PARAMETERS
Subject  No: 17
C l e r i c a l  w o r k
o b s e r v e d  
c o r r e c t e d  
r e s i d u a l
T e l e p h o n i n g
e x t e r n a l :  o u tg o in g
o b s e r v e d  M e a n  = 84. 79
c o r r e c t e d  = 77.  12
r e s i d u a l  = 5. 12
in t e  r n a  1: ou tg  o ing  
o b s e r v e d  M e a n  = 93. 72
c o r r e c t e d  •= 82. 86
r e s i d u a l  = 1 0 . 8 6
D i s c u s s i n g
o b s e r v e d  M e a n  = 90.  80
c o r r e c t e d  = 80.  95
r e s i d u a l  = 8 . 9 5
P i  sc.us s in g  ( th i s  p r o j e c t )
o b s e r v e d  M e a n  
c o r r e c t e d  
r e s i d u a l
D r i v i n g
o b s e r v e d  M e a n  = 85. 40
c o r r e c t e d  = 79.  90
r e s i d u a l  = 7« 90
I n s t r u c t i n g  m a n a g e m e n t  t r a i n e e
o b s e r v e d  M e a n  = 89.  06
c o r r e c t e d  = 7 9 . 8 6
r e s i d u a l  = 7 . 8 6
s .  d. = 6. 10 n
= 4,  84 
= 4. 84
s .  d. = 7. 54 ( B e s s e l  = 7. 76) n
s.  d, = 7. 44  ( B e s s e l  = 8. 04) n  
= 7 . 8 4  ( B e s s e l  = 8 . 4 7 )  '
= 7. 84 ( d i t t o  )
s . d .  = 7 . 3 0  
= 5. 92 
= 5. 92
s.  d. = 5 .  52 ( B e s s e l  = 5. 67) n 
= 5. 52 d i t t o
= 5 . 5  2 d i t t o
s .  b, = 5 , 5 2  ( B e s s e l  = 5,. 66) n  
= 6. 12 ( B e s s e l  = 6. 28)
= 6. 12 ( d i t to .  )
s .  d. = 5. 70 ( B e s s e l  = 5. 90) n  
= 5. 08 ( B e s s e l  = 5. 26)
= 5. 08 ( d i t t o  )
M e a n  = 85.  94 
= 78. 06 
= 6. 06
= 92. 10
= 80.  10
= 8. 10
= 130
= 18
= 7
= 65
= 19
= 20
R e st
o b s e r v e d  M e a n  = 72. 00
ACTIVITY PARAMETERS
S u b j e c t  Mo: 18
C l e r i c a l  w o r k
o b s e r v e d
c o r r e c t e d
r e s i d u a l
T e l e p h o n i n g
M e a n  = 80. 97 s .  d. = 4.  82 
= 7 6 . 4 0  = 3 . 1 7
= 4 . 4 0  = 3 . 1 7
e x t e r n a l :  o u tg o in g  
o b s e r v e d  M e a n
c o r r e c t e d  
r e s i d u a l
e x t e r n a l :  i n c o m i n g
o b s e r v e d  M e a n
c o r r e c t e d  
r e s i d u a l
in t e rn a l : -  o u tg o i n g  
o b s e r v e d  M e a n
c o r r e c t e d  
r e s i d u a l
i n t e r n a l :  i n c o m i n g
o b s e r v e d  M e a n
c o r r e c t e d  
r e s i d u a l
8 6 . 5 7  s . d .  = 3 . 5 0  ( B e s s e l -.3, 63)
8 0 . 3 6  = 3.  15 ( B e s s e l  = 3 . 2 7 )
8 . 3 6  = 3 . 1 5  ( B e s s e l  = 3. 27)
9 1 . 3 3  s . d .  = 6 . 8 0  ( B e s s e l  = 7. 21)
8 5 . 3 3  = 6 . 7 0  ( B e s s e l  = 7. 11)
1 3 . 3 3  = 6 . 7 0  ( B e s s e l  = 7. 11)
93.  47 s .  d, = 10. 98
86.  61 = 10. 43
14, 61 = 10. 43
8 4 . 3 8  s . d .  = 5 . 4 8  ( B e s s e l  = 5. 70) 
78.  23 = 5. 52  ( B e s s e l  = 5. 64)
6. 23 = 5. 52 - ( B e s s e l  = 5. 64)
D i s c u s s i n g
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e e t i n g  1
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 85,  28 s .  d. = 6. 91 
= 81. 09 = 7. 23
= 9 . 0 9  = 7 . 2 3
M e a n  = 78.  70 s .  d. = 2. 06 
= 75.  70 = 2. 06
= 3. 70 = 2. 06
M e e t i n g  2
o b s e r v e d  
c o r r e c t e d  
r e s i d u a l
L i s t e n  t o  c o m p l a i n t s
M e a n  = 88. 15 s .  d. = 6. 69 
= 78. 43 = 6. 52
= 6 . 4 3  = 6 . 5 2
o b s e r v e d
c o r r e c t e d
r e s i d u a l
L u n c h
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 8 1 . 1 0  s . d .  = 4.  12 
= 81. 10 = 4.  12
= 9. 10 = 4.  12
M e a n  = 88, 10 s .  d. = 4. 21 
= 86.  10 = 4. 21
= 1 4 . 1 0  = 4 . 2 1
n -  62
n  = 14
n  = 9
n  = 38
n = 13
n  = 127
n  = 43
= 65
= 20
= 21
ACTIVITY PARAMETERS
Subject No: 20
C l e r i c a l  w o r k
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 1 14. 44  
= 101. 22 
15. 22
T e l e p h o n i n g
e x t e r n a l :
o b s e r v e d
c o r r e c t e d
r e s i d u a l
o u tg o in g  
M e a n  =
i n t e r n a l :  o u tg o in g  
o b s e r v e d  M e a n  
c o r r e c t e d  
r e s i d u a l
i n t e r n a l :  i n c o m i n g
o b s e r v e d
c o r r e c t e d
r e s i d u a l
Ale a n  =
1 2 4 . 1 3  
110. 00 
24.  00
113. 25 
■96. 95 
10. 95
116.  25 
105. 25 
19* 25
D i s c u s s i n g
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 110.  11 
= 103.  14 
= 1 7 . 1 4
M e e t i n g
o b s e r v e d
c o r r e c t e d
r e s i d u a l
M e a n  = 1 1 1 . 9 2  
= 100. 02 
= 14..02
s.  d. = 6. 66 
7. 38 
7. 38
n  = 50
s . d .  = 9. 60 ( B e s s e l  = 10. 26) n  = 
9. 64  ( B e s s e l  = 10. 30)
9 . 6 4  d i t t o
s .  a .  = 7. 77 
6. 61 
6 .61
n  = 20
d.  = 1. 09 ( B e s s e l  = 1, 26) n  -  4 
= 3. 83 ( B e s s e l  = 4.  42)
= 3.  83 d i t t o
s . d .  = 1 5 . 4 3  
8 . 4 1  
8. 41
n  = 133
s . d .  = 7. 75
8. 23 
8. 23
n  = 101
R e s t
o b s e r v e d =. 86. 00
A C T IV IT Y  P A R A M E T E R S
Subject_IIo2___^
C le r ic a l w ork
observed M ean = 92. 27 s. d. = 7 .4 1 1  n = 108
corrected  = 8 2 .3 1  = 8 .7 4
residual = 18.31 = 8 .7 4
Telephoning
external: outgoing
observed M ean = 85. 40 s. d. = 5. 37 (B essel = 5. 66) n = 10
corrected  = 7 3 .60  = 5. 26 (B essel = 5. 54)
res idual = 9. 60 = 5. 26 ditto
external: incoming
observed Mean = 101.25 s .d . = 10. 49 (B essel =11. 21) n = 8
corrected  = 9 1 .2 5 ' = 12. 30 (B essel = 13.15)
res idual = 27 .25  =“12.30  ditto
in terna l: outgoing
observed M ean = 98 .00  s .d . = 11. 75 (B essel = 12. 56) n = 8
corrected  = 8 6 .3 8  = 11. 19 (B essel = 11. 96)
res idual = 22. 38 = 11. 19 d itto
Discussing •
observed M ean = 91. 73 s. d. = 8. 56 n = 158
corrected  = 79- 67 = 10. 30
residual = 1 5 .6 7  = 1 0 .3 0
Check bar
observed M ean = 100. 53 s. d. = 3. 54 (B essel = 3. 66) n = 15
corrected  = 80. 53 = 3. 54 d itto
residual = 16. 53 = 3. 54 d itto
In terv iew  staff
observed Mean = 100. 00 s. d. = 2. 83 (B essel = 3. 03) n = 8
corrected  = 87. 00 = 2. 83 d itto
residual = 23 .00  = 2 .83  d itto
Lunch
observed M ean = 86 /67  V s . d .  = 9 .2 8  n = 45
corrected = 86 .67  = 9 .2 8
residual = 22 .67  = 9* 28
Rest
observed . • *. = 6 4
ACTIVITY PARAM ETERS
S u b j e c t :  22
C I e ric a  I w ork
observed
corrected
residual
Telephoning
M ean = 85. 68 s. d. = 6. 13 
= 74. 94 = 6. 58
= 4. 94 = 6. 58
external: incom ing' 
observed Mean
corrected  
res idua l
in terna l: outgoing
observed Mean
corrected  
res idual
in terna l: incoming  
observed Mean
corrected  
res idual
84.;'50 s .d . = 1. 66 (B essel = 1. 92)
74. 50 = 1 .66  (Bessel = 1. 92)
4. 50 = 1. 66 (Bessel = 1. 92)
87 .80  s. d. = 2 . 0 5  (B essel = 2. 29)
77 .8 0  = 2. 04 (B essel = 2. 28)
7 .8 0  = 2 .0 4  (B essel = 2. 28)
80. 90 s. d. = 2. 07 (B essel = 2. 24)
71 .90  = 2 .07 (B essel = 2. 24)
1. 90 = 2. 07 (B essel = 2. 24)
Discussing
ob s e rve d
corrected
residual
D ictating
observed
corrected
residual
M ean = 85. 95 s. d. = 10. 91 
= 78. 74 = 8. 88
= 8. 74 = 8. 88
M ean = 82. 31 s. d. = 4. 65 
= 73. 02 = 4. 82
= 3 . 0 2  = 4 . 8 2
Discussing -with superior
M eanobserved
corrected
residual
85. 13 s. d. = 5. -02 ’ 
78.44  = 5 .37
8 . 4 4  = 5 . 3 7
D riv ing
observed
corrected
residual
Lunch
observed
corrected
residual
M ean = 87. 25 s. d. = 2. 73 (B essel = 2. 82) 
= 85. 25 = 1. 98 (B essel = 2. 04)
= 15.25 p 1. 98 (B essel = 2. 04)
M ean = 81. 28 s. d. = 6. 74 
= 79. 68 = 7 .32
= 9 .68  = 7 . 3 2
n = 88
n = 4
n = 5
n = 7
n = 108
n = 51
n = 32
= 16
ACTIVITY PARAMETERS
Subject No: 23
C le r ic a l v/ork
observed M ean = 94. 41 
corrected  = 78. 97
res idua l =  6. 97
Telephoning
external: outgoing
observed M ean = 93. 71 
corrected  = 85. 86
res idua l = 13,86
in terna l: outgoing
observed M ean = 94. 44 
co rrec ted  = 83. 67
res id u a l = 1 1 . 6 7
Discussing
observed M ean = 88. 97 
corrected  = 84. 65
residual = 12. 65
u
Super vising
observed M ean = 88* 91" 
corrected  = 70. 70
res id u a l = - 1 . 3 0
Q ueries
observed M ean = 88.53  
corrected  = 72. 95
res id u a l -  0. 95
Hunt fo r le tte rs ‘i
observed Mean = 89 .84  
corrected  = 74. 92
res idua l = 2. 92
Lunch
observed Mean = 93, 07 
corrected  = 73. 44-
res idua l = 1. 44
Rest
observed = 72. 00
s. d. = 6. 14 
= 7. 39 
= 7 .3 9
s , d. = 4. 83 (B e s s e l  = 5. 22)
= 7 .  06 (B e s s e l  = 7 .  63)
= 7 .  06 (B e s s e l  = 7 .  63)
s. d. = 2. 63 (B e s s e l  = 2. 79)
= 10. 83 (B e s s e l  = 11. 49) 
= 10. 83 ditto
s. d. = 4. 74 
= 6. 89 
= 6. 89
s.d.  = 4. 93 (B essel = 5. 17) 
= 4. 61 (B essel = 4. 84) 
= 4. 61 . d itto
s. d. = 4. 20 (B essel = 4. 32)
= 4. 30 (B essel = 4. 42)
= 4. 30 d itto
s. d. = 3. 34 
= 3 .43  
= 3. 43
s.d,  = 2. 45 (B essel = 2~_52) 
= 2.’ 45 (B essel = 2. 52) 
= 2. 45 ditto
n = 126
n = 7
n = 9
n = 91
n = 11
n = 19
n = 2 b
8 b. p. m . allowed fo r standing
ACTIVITY PARAMETERS
Subject No: 24
C le r ic a l w ork
observed M ean = 89. 21 
corrected  = 82. 24
res idual = 10. 24
T e l e p h o n i n g
external: outgoing
observed M ean = 98. 09 
corrected  = = 8 9 * 2 7
residual = 17. 27
. . in ternal: . outgoing
-v observed Mean = 99. 23 
“ corrected  = 8 9 * 8 5
residual = 1 7 . 8 5
Discussing (w ith colleagues)
observed Mean = 88. 44 
corrected  = 82. 88
residual = 10. 88
Discussing (with superior)
observed M ean = 93. 39
corrected  = 83. 25
res idual = 11. 25
D ictating
observed Mean = 85.33  
corrected  = 78. 50
residual = 6 .5 0
I n t e r v i e w i n g
observed M ean = 90. 23 
corrected  = 76. 29
res idual = 4. 29
Supervising (corrected  fo r standing)
observed M ean = 94. 55
corrected  = 87. 73
residual = 15. 73
D riv in g
observed Mean = 93.60
corrected  = 83. 40
residual = 11. 40
Lunch
observed  
corrected
residual
Rest Observed 
corrected
s. d. = 9. 23 n = 34
= 10. 07 
= 10. 07
s. d. = 8. 72 (B essel = 9. 15) n = 11 
= 8. 85 (B essel = 9. 28)
= 8. 85 ditto
s.d.  = 13.11 (B essel = 13.65)  n = 13 
= 8.91 (Bessel = 11. 60)
= 8. 91 ditto
s. d. = 9. 33 n = 126
= 5. 97 
= 5. 97
s. d. = 5. 71 n = 72
= 5 .97  
= 5. 97
s. d. = 3. 86 ( B e s s e l = 3. 97) n = 18 
= 5.71: (B essel = 5. 88)
= 5.71; ditto
s .d.  = 3 . 8 1  n = 62
= 3 .1 2  
= 3. 12
= 3. 63 (B essel = 3. 81) n = 11 
= 4. 02 (B essel = 4. 22)
= 4. 02 ditto
= 8 .39  
= 2. 87 
= 2. 87
n = 30
n = 25
n = 4
s. d.
s. d.
M ean = 102. 48 s. d. 
= 94. 28 
= ‘22,: 28
Mean = 78. 00 s. d.
= 72. 75 (use 72)
= 3. 50 (B essel = 3. 57) 
= 3. 05 (B essel = 4. 32) 
= 3. 05 ditto
= 3. 74 
0. 83
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R A N K IN G  O F  A C T I V I T I E S  B Y  S U B J E C T S '  H E A R T  R A T E S  - m e a n s
t e l e p h o n i n g
A c t i v i t y : c l e r i c a l  <ex t .  out in t .  out d i s c u s
S u b j e c t
12 1 3 2 4
13 3 2 1 4
14 3 4 2 1
16 2 3 1 4
17 2 1 4 3
18 1 2 4 3
20 2 4 1 3
21 3 1 4 2
23 1 4 2 3
24 1 3 4 2
*
t o t a l s 19 27 25 29
m e a n  = 25
£; = (25 - 19)2 + (27 - 25)2 + (25 - 25)2 + (29 - 25)2 = 56
F r o m  th e  s ta n d a rd  ta b le  fo r  c r i t ic a l  v a lu e s  o f s in  th e  K e n d a ll
C o e ff ic ie n t o f C o n c o rd a n c e , s = 56 is  not s ig n if ic a n t.
RANKING OF ACTIVITIES BY SUBJECTS' HEART RATES - standard deviations
t e l e p h o n in g
A c t i v i t y  c l e r i c a l  e x t ,  ou t in t .  ou t d i s c u s s i n g  
S u b je c t s
12 2 4 1 3
13 2 4  1 3
14 1 2 3 4
16 1 4 3 2
17 2 1 4 3
18 1 2 4 3
20 2 4 1 3
21 2 1 4 3
23 2 3 4 1
24 3 2 4 1
t o t a l s  18 27 • 29 26
m e a n  = 25.
s = (25 - i s ) 2 + (27 - 25)2 + (29 -  25)2 + (26 - 25)2 = 70
F r o m  th e  s t a n d a r d  t a b l e  f o r  c r i t i c a l  v a l u e s  of s in  th e  K e n d a l l
C o e f f i c i e n t  of C o n c o r d a n c e ,  s = 70 i s  n o t  s i g n i f i c a n t .
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. *- T a b l e  o r  C r it ic a l  V a l u e s  o r  « i n  t h e  K e n d a l l  C o e f f ic ie n t  
o r  C o n c o r d a n c e *
*
N Additional values for AT -  3
3f 4 6 6 7 k M
Values e t the .05 level of significance
3 64.4 103.9 157.3 9 54.0
4 49.5 88.4 143.3 217.0 12 71.9
6 62.6 112.3 182.4 276.2 14 83.8
6 75.7 136.1 221.4 335.2 16 95.8
8 . 48.1 101.7 183.7 299.0 453.1 18 107.7
10 60.0 127.8 231.2 376.7 571.0
15 89.8 192~9 349.8 570.6 864.9
20 119.7 258.0 468.5 764.4 1,158.7
Values a t the .01 level of significance
3 76.6 122.8 185.6 9 75.9
4 €1.4 109.3 176.2 265.0 12 103.6
5 80.5 142.8 229.4 343.8 14 121.9
6 99.6 176.1 282.4 422.6 16 140.2
8 66.8 137.4 242.7 388.3 579.9 18 158.6
10 85.1 175.3 309.1 494.0 737.0
15 131.0 269.8 475.2 758.2 1,129.6
20 177.0 364.2 641.2 1,022.2 1,521.9
* Adapted from Friedman, M. 1940. A comparison of alternative tests of sig­
nificance for the problem of m  rankings. Ann. Math. Statist., 11, 86-92, with the 
kind permission of the author and the publisher.
t  Notice that additional critical values of s for N  — 3 are given in the right-hand 
column of this table.
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